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Executive Summary 

This document presents recommended code changes that the California Energy 

Commission will be considering for adoption in 2021. If you have comments or 

suggestions prior to the adoption, please email info@title24stakeholders.com. 

Comments will not be released for public review or will be anonymized if shared.  

Introduction 

The Codes and Standards Enhancement (CASE) Initiative presents recommendations 

to support the California Energy Commissionôs (Energy Commission) efforts to update 

the California Energy Code (Title 24, Part 6) to include new requirements or to upgrade 

existing requirements for various technologies. Three California Investor Owned Utilities 

(IOUs) ï Pacific Gas and Electric Company, San Diego Gas and Electric, and Southern 

California Edison ï and two Publicly Owned Utilities ï Los Angeles Department of 

Water and Power and Sacramento Municipal Utility District (herein referred to as the 

Statewide CASE Team when including the CASE Author) ï sponsored this effort. The 

program goal is to prepare and submit proposals that will result in cost-effective 

enhancements to improve energy efficiency and energy performance in California 

buildings. This report and the code change proposals presented herein are a part of the 

effort to develop technical and cost effectiveness information for proposed requirements 

on building energy-efficient design practices and technologies. 

The Statewide CASE Team submits code change proposals to the Energy Commission, 

the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy 

Commission will evaluate proposals submitted by the Statewide CASE Team and other 

stakeholders. The Energy Commission may revise or reject proposals. See the Energy 

Commissionôs 2022 Title 24 website for information about the rulemaking schedule and 

how to participate in the process: https://www.energy.ca.gov/programs-and-

topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency.  

Measure Description 

Background Information 

There are three separate domestic hot water (DHW) distribution submeasures: pipe 

insulation verification, increased pipe insulation, and California Plumbing Code (CPC) 

Appendix M sizing.  

The pipe insulation verification submeasure stems from the poor quality of existing 

insulation exhibited by the 2013 PIER Report ñMultifamily Central Domestic Hot Water 

Distribution Systemsò (PIER 2013) and the Statewide CASE data collection and 

Stakeholder feedback during the CASE Process. This submeasure is similar in scope 

mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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and mechanism to the existing multifamily quality insulation installation (QII) energy 

credit through Home Energy Rating System (HERS) or Acceptance Test Technician 

(ATT) verification and would apply to multifamily buildings with DHW recirculation 

systems.  

The increased pipe insulation submeasure builds on the 2013 Water and Space Heating 

ACM Improvement CASE Report (Statewide CASE Team 2011), that analyzed and 

showed increasing DHW pipe insulation to be cost effective. The 2013 CASE effort did 

not result in an increase in pipe insulation level in the code because the increased 

insulation level for heating ventilation and air conditioning (HVAC) was not cost 

effective, and insulation level requirements for both DHW and HVAC pipes are codified 

in the same code Table, 120.3-A. 

The CPC Appendix M sizing submeasure would introduce a performance-based pipe 

sizing calculation procedure from Uniform Plumbing Code (UPC) and CPC into Title 24, 

Part 6. Appendix M was added to the UPC in 2018 and includes an alternative pipe 

sizing procedure. Appendix M contains a performance-based pipe sizing calculation 

procedure that typically results in smaller pipe sizes than standard practice sizing, which 

results in lower first costs and distribution system heat loss.  

Additionally, current prescriptive requirement for two-loop recirculation systems faces 

compliance and enforcement challenges including inconsistent interpretations of the 

requirement and challenges establishing appropriate baseline and proposed systems in 

the compliance software.  

Proposed Code Change 

The pipe insulation verification measure adds a prescriptive requirement for field 

verification of pipe insulation quality for multifamily DHW recirculation systems. Field 

verification would confirm installation of code required pipe insulation, including 

insulation on all fittings and valves, pumps, and thermal isolation at pipe hangers. This 

measure builds on the current low-rise residential pipe insulation inspection credit and 

extends it to become a prescriptive baseline for all multifamily buildings. 

The increased pipe insulation level measure increases mandatory pipe insulation 

requirements for multifamily DHW pipes two inches in diameter and larger. This 

measure aligns pipe insulation requirements for all multifamily buildings. 

The CPC Appendix M Sizing measure adds a compliance option for pipe sizing based 

on CPC Appendix M (IAPMO 2019). Appendix M is an optional appendix to CPC with 

an alternative pipe sizing procedure.  

In addition, the existing prescriptive requirement for two recirculation loops in central 

DHW systems would be changed to a compliance option. 
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Scope of Code Change Proposal 

Table 1 summarizes the scope of the proposed changes and the sections of Standards, 

Reference Appendices, Alternative Calculation Method (ACM) Reference Manual, and 

compliance documents that would be modified as a result of the proposed change(s). 

Table 1: Scope of Code Change Proposal 

Measure Name 
Type of 
Requir
ement 

Modified 
Section(s) 
of Title 24, 
Part 6 

Modified 
Title 24, 
Part 6 

Appendices 

Would 
Compliance 
Software Be 
Modified 

Modified Compliance 
Document(s) 

Pipe Insulation 
Verification 

Prescri
ptive 

150.1(b)3
B and (c)8 

New RA 
3.6.x 

Yes; ACM 
Ref Manual 
App B5.1 

CF1R-NCB-01-E; 
CF1R-PRF-E; 

CF2R-PLB-01 and -
21a; 
CF3R-PLB-21a; 

NRCC-PLB-E;  
NRCC-PRF-01-E; 

NRCI-PLB-02 and -21; 

NRCV-PLB-21 

Increased Pipe 
Insulation 

Mandat
ory 

120.3; 

150.0(j) 
None  None 

CF1R-NCB-01-E; 
CF1R-PRF-E; 

CF2R-PLB-01 and -
21a; 
CF3R-PLB-21a; 

NRCC-PLB-E;  
NRCC-PRF-01-E; 

NRCI-PLB-02 and -21; 

NRCV-PLB-21 

CPC Appendix 
M Sizing 

Compli
ance 
option 

None None 
Yes; ACM 
Ref Manual 
App B5.1 

CF1R-PRF-E; 
NRCC-PRF-01-E  

Change 
Existing 
Reqmôt for 
Two-Loop 
Recirc 
Systems to a 
Compliance 
Option 

Compli
ance 
option 

150.1(c)8B
ii 

RA 3.6.8 
Yes; ACM 
Ref Manual 
App B5.3 

CF1R-PRF-E; 

CF2R-PLB-21a; 
CF3R-PLB-21a; 
NRCC-PRF-01-E; 

NRCI-PLB-21; 
NRCV-PLB-21 
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Market Analysis and Regulatory Assessment 

The Statewide CASE Team performed a market analysis with the goals of identifying 

market structure, product availability, technical feasibility, and impacts of the proposed 

code change on the market.  

In support of the insulation quality verification submeasure, the Statewide CASE Team 

found that DHW pipe insulation that covers all pipes, fittings, valves, pumps, etc., is 

already required in Residential and Nonresidential Energy Code, and the CPC. 

Therefore, the pipe insulation verification requirement would not change installation 

techniques or significantly impact the market.  

For the increased insulation submeasure, the Statewide CASE Team found that pipe 

insulation has well established supply chains and does not anticipate that the proposed 

code change would impact them significantly. DHW pipe insulation is a well-established 

technology and the proposed code change does not require changing existing 

installation techniques.  

For the CPC Appendix M Pipe Sizing submeasure, the Statewide CASE Team found 

that plumbing designers, engineers, and contractors perform sizing calculations and 

pipe layout for DHW piping systems. However, they do not typically use the Appendix M 

sizing method and would require design professionals to use new procedures including 

the Water Demand Calculator (WDC) tool from IAPMO.  

Cost Effectiveness  

The proposed code changes were found to be cost effective for all climate zones where 

they are proposed to be required. The benefit-to-cost (B/C) ratio compares the benefits 

or cost savings to the incremental costs over the 30-year period of analysis. Proposed 

code changes that have a B/C ratio of 1.0 or greater are cost effective. The larger the 

B/C ratio, the faster the measure pays for itself from energy cost savings. The B/C ratio 

is not applicable to measures with first cost savings. Table 2 summarizes the B/C ratio 

range and climate zone that each measure is cost effective in. See Section 5 for the 

methodology, assumptions, and results of the cost-effectiveness analysis.  

Table 2: Cost Benefit by Measure 

Measure Sub-Measure 
B/C Ratio 
Range 

Cost Effective in 
Climate Zones 

Domestic Hot Water 
Distribution 

Pipe Insulation Verification 5.1-11.1 All 

Domestic Hot Water 
Distribution 

Increased Insulation 1.8-2.9 All 
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Domestic Hot Water 
Distribution 

CPC Appendix M Sizinga NA NA 

a. CPC Appendix M Pipe Sizing is a cost saving submeasure so B/C ratio is not applicable. 

Statewide Energy Impacts: Energy, Water, and Greenhouse Gas (GHG) 
Emissions Impacts 

Table 3 presents the estimated energy and demand impacts of the proposed code 

change that would be realized statewide during the first year that the 2022 Title 24, Part 

6 requirements are in effect. First-year statewide energy impacts are represented by the 

following metrics: electricity savings in gigawatt-hours per year (GWh/yr), peak electrical 

demand reduction in megawatts (MW), natural gas savings in million therms per year 

(MMTherms/yr), and time dependent valuation (TDV) energy savings in kilo British 

thermal units per year (TDV kBtu/yr). See Section 6 for more details on the first-year 

statewide impacts calculated by the Statewide CASE Team. Section 4 contains details 

on the per-unit energy savings calculated by the Statewide CASE Team. 

Table 3: First-Year Statewide Energy and Impacts ï New Construction 

Measure 

 
Submeasure 

Electricity 
Savings 

(GWh/yr) 

Peak 
Electrical 
Demand 
Reduction 

(MW) 

Natural 
Gas 
Savings 

(MMTherm
s/yr) 

TDV 
Energy 
Savings 

(TDV 
kBtu/yr) 

Domestic 
Hot Water 
Distribution 

Pipe Insulation 
Verification 

0 0 0.28 73.6 

Increased 
Insulation 

0 0 0.03 7.6 

CPC Appendix M 
Pipe Sizing 

0 0 0.09 24.0 

Subtotal 0 0 0.40 105.2 

Source: Statewide CASE Team 

The pipe insulation verification submeasure has large savings due to the poor quality of 

existing pipe insulation the Statewide CASE Team discovered through interviews and 

surveys with subject matter experts, designers, and installation contractors. The 

Statewide CASE Team discusses this interview and survey process in detail in 

Appendix G. However, the Statewide CASE Team made conservative assumptions 

about the quality of existing pipe insulation compared to the interview and survey 

results.  
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The increased insulation submeasure marginally increases insulation thickness. This 

measure has greater savings for larger buildings, as the larger buildings have more pipe 

of larger diameter, particularly supply headers near the hot water system.  

CPC Appendix M sizing submeasure addresses the issue of oversizing pipe based on 

outdated flow rate assumptions. This is a cost and energy saving measure but requires 

designers to learn a new sizing method.  

Table 4 presents the estimated avoided greenhouse gas (GHG) emissions associated 

with the proposed code change for the first year the standards are in effect. Avoided 

GHG emissions are measured in metric tons of carbon dioxide equivalent (Metric Tons 

CO2e). Assumptions used in developing the GHG savings are provided in Section 6.2 

and Appendix C of this report. The monetary value of avoided GHG emissions is 

included in TDV cost factors and is thus included in the cost-effectiveness analysis.  

Table 4: First-Year Statewide GHG Emissions Impacts 

Measure 
Avoided GHG Emissions 

(Metric Tons CO2e/yr) 

Monetary Value of 
Avoided GHG Emissions 

($2023) 

Domestic Hot Water 
Distribution 

2,217 $66,491 

Source: Statewide CASE Team 

Water and Water Quality Impacts 

None of the proposed submeasures impact water consumption. Water savings that the 

proposed code changes would have during the first year they are in effect are presented 

in Table 5 along with the associated embedded electricity savings. See Section 6.3 of 

this report to see water quality impacts and the methodology used to derive water 

savings and water quality impacts. The methodology used to calculate embedded 

electricity in water is presented in Appendix B.  

Table 5: First-Year Water and Embedded Electricity Impacts  

 

On-Site 
Indoor Water 
Savings 

(gallons/yr) 

On-Site 
Outdoor Water 
Savings 

(gallons/yr) 

Embedded 
Electricity 
Savings 

(kWh/yr) 

Domestic Hot Water Distribution    

Per Dwelling Unit Impacts 0 0 0 

First-Year Statewide Impacts 0 0 0 

Source: Statewide CASE Team 
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Compliance and Enforcement 

Overview of Compliance Process 

The Statewide CASE Team worked with stakeholders to develop a recommended 

compliance and enforcement process and to identify the impacts this process would 

have on various market actors. The compliance process is described in Section 2.5. 

Impacts that the proposed measure would have on market actors is described in 

Section 3.3 and Appendix E. The key issues related to compliance and enforcement are 

summarized below:  

¶ Issue 1: Pipe insulation verification would require additional coordination 

between trades on site to enable visual verification of insulation by a HERS 

Rater or ATT. The scale and required coverage in verifying multifamily DHW 

pipe insulation adds time and complexity to the construction and installation 

process. Multiple verification visits may be needed as plumbing insulation is 

often phased with other trades on site, particularly for larger buildings. 

¶ Issue 2: For increased insulation, designers who issue specifications that 

include a table of insulation thicknesses would need to update their 

specifications to reflect new insulation thickness requirements. Designers and 

enforcement personnel would reference one code location for all multifamily 

pipe insulation requirements.  

¶ Issue 3: For increased insulation, plumbers may need to change practices to 

allow clearance around the piping for two-inch thick insulation. This scenario is 

uncommon because most horizontal piping with two-inch or larger diameters 

occurs in horizontal configuration with little to no space limitation. 

¶ Issues 4: Plumbing designers would need to provide additional design 

documentation if they choose to exercise the CPC Appendix M Sizing 

compliance option.  

Field Verification and Diagnostic Testing/Acceptance Testing 

Updates to the existing compliance forms are needed to incorporate installer 

documentation and field verifications for the pipe insulation verification, pipe insulation 

submeasures and for changing the two-loop recirculation requirement to a compliance 

option. The CPC Appendix M Sizing submeasure would add to an existing Certificate of 

Compliance form.  

Refer to Section 7.6 for additional information. 
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1. Introduction 
This document presents recommended code changes that the California Energy 

Commission will be considering for adoption in 2021. If you have comments or 

suggestions prior to the adoption, please email info@title24stakeholders.com. 

Comments will not be released for public review or will be anonymized if shared.  

The Codes and Standards Enhancement (CASE) initiative presents recommendations 

to support the California Energy Commissionôs (Energy Commission) efforts to update 

California Energy Code (Title 24, Part 6) to include new requirements or to upgrade 

existing requirements for various technologies. Three California Investor Owned Utilities 

(IOUs) ï Pacific Gas and Electric Company, San Diego Gas and Electric, and Southern 

California Edisonï and two Publicly Owned Utilities ï Los Angeles Department of Water 

and Power and Sacramento Municipal Utility District (herein referred to as the Statewide 

CASE Team when including the CASE Author) ï sponsored this effort. The program 

goal is to prepare and submit proposals that will result in cost-effective enhancements 

to improve energy efficiency and energy performance in California buildings. This report 

and the code change proposal presented herein are a part of the effort to develop 

technical and cost effectiveness information for proposed requirements on building 

energy-efficient design practices and technologies. 

The Statewide CASE Team submits code change proposals to the Energy Commission, 

the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy 

Commission will evaluate proposals submitted by the Statewide CASE Team and other 

stakeholders. The Energy Commission may revise or reject proposals. See the Energy 

Commissionôs 2022 Title 24 website for information about the rulemaking schedule and 

how to participate in the process: https://www.energy.ca.gov/programs-and-

topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency.  

The overall goal of this CASE Report is to present the code change proposals for 

multifamily domestic hot water (DHW) distribution systems. The report contains 

pertinent information supporting the code change. 

When developing the code change proposal and associated technical information 

presented in this report, the Statewide CASE Team worked with a number of industry 

stakeholders including officials, manufacturers, architects, and designers, engineers, 

builders, installers, utility incentive program managers, Title 24 energy analysts, and 

others involved in the code compliance process. The proposal incorporates feedback 

received during two public stakeholder workshops that the Statewide CASE Team held 

on October 3, 2019, and March 17, 2020 (Statewide CASE Team 2019).  

The following is a brief summary of the contents of this report: 

mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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¶ Section 2 ï  Measure Description of this CASE Report provides a description of 

the measure and its background. This section also presents a detailed 

description of how this code change is accomplished in the various sections and 

documents that make up the Title 24, Part 6 Standards. 

¶ Section 3 ï In addition to the Market Analysis section, this section includes a 

review of the current market structure. Section 3.2 describes the feasibility issues 

associated with the code change, including whether the proposed measure 

overlaps or conflicts with other portions of the building standards, such as fire, 

seismic, and other safety standards, and whether technical, compliance, or 

enforceability challenges exist.  

¶ Section 4 ï Energy Savings presents the per-unit energy, demand reduction, and 

energy cost savings associated with the proposed code change. This section 

also describes the methodology that the Statewide CASE Team used to estimate 

per-unit energy, demand reduction, and energy cost savings. 

¶ Section 5 ï This section presents analysis of the materials and labor required to 

implement the measure and a quantification of the incremental cost. It also 

includes estimates of incremental maintenance costs, i.e., equipment lifetime and 

various periodic costs associated with replacement and maintenance during the 

period of analysis.  

¶ Section 6 ï First-Year Statewide Impacts presents the statewide energy savings 

and environmental impacts of the proposed code change for the first year after 

the 2022 code takes effect. This includes the amount of energy that would be 

saved by California building owners and tenants and impacts (increases or 

reductions) on material with emphasis placed on any materials that are 

considered toxic by the state of California. Statewide water consumption impacts 

are also reported in this section. 

¶ Section 7 ï Proposed Revisions to Code Language concludes the report with 

specific recommendations with strikeout (deletions) and underlined (additions) 

language for the Standards, Reference Appendices, ACM Reference Manual, 

compliance manuals, and compliance documents.  

¶ Section 8ï Bibliography presents the resources that the Statewide CASE Team 

used when developing this report. 

Appendices A through F house content applicable to the submeasures, followed by 

appendices G and H that provide supplemental information in support of proposal 

development.  

¶ Appendix A: Statewide Savings Methodology presents the methodology and 

assumptions used to calculate statewide energy impacts. 
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¶ Appendix B: Embedded Electricity in Water Methodology presents the 

methodology and assumptions used to calculate the electricity embedded in 

water use (e.g., electricity used to draw, move, or treat water) and the energy 

savings resulting from reduced water use. 

¶ Appendix C: Environmental Impacts Methodology presents the methodologies 

and assumptions used to calculate impacts on GHG emissions and water use 

and quality. 

¶ Appendix D: California Building Energy Code Compliance (CBECC) Software 

Specification presents relevant proposed changes to the compliance software (if 

any).  

¶ Appendix E: Impacts of Compliance Process on Market Actors presents how the 

recommended compliance process could impact identified market actors. 

¶ Appendix F: Summary of Stakeholder Engagement documents the efforts made 

to engage and collaborate with market actors and experts. 

¶ Appendix G: Insulation Quality Data Collection Results 

¶ Appendix H: Prototype Building Domestic Hot Water Distribution Designs 
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2.  Measure Description  

 Measure Overview 

The 2022 multifamily DHW distribution CASE measure would add a prescriptive 

requirement, change a mandatory requirement, and add a new compliance option. A 

summary of proposed changes includes:  

¶ Submeasure A: Pipe Insulation Verification: Add a prescriptive requirement for field 

verification of pipe insulation quality  

¶ Submeasures B: Increased Insulation: Increase stringency of existing mandatory 

pipe insulation thickness for pipes larger than two inches 

¶ Submeasures C: CPC Appendix M Pipe Sizing: Add a compliance option for pipe 

sizing according to CPC Appendix M (IAPMO 2019) 

¶ Change the existing prescriptive requirement for two recirculation loops in central 

DHW systems to a compliance option 

All three proposed submeasures apply to new construction multifamily buildings with 

central water heating. None of the three proposed submeasures apply to additions or 

alterations. The Statewide CASE Team is still considering how best to reconcile the 

nonresidential and residential requirements that apply to hotel/motels and so did not 

analyze the impact of this measure on the hotel building prototype. 

The proposed multifamily hot water distribution submeasures would reduce the energy 

budget of multifamily DHW recirculation systems by adding a new prescriptive 

requirement, increasing the stringency of an existing mandatory requirement, while 

reducing compliance barriers by changing an existing prescriptive requirement to a 

compliance option, and adding a new compliance option. 

2.1.1 Submeasure A: Pipe Insulation Verification 

This submeasure adds a prescriptive requirement for field verification of pipe insulation 

installation quality for DHW recirculation systems. Field verification would confirm 

installation of code required pipe insulation, including insulation on all fittings and 

valves, pumps, thermal isolation at pipe hangers, and overall insulation installation 

quality. This submeasure builds on the current single-family and low-rise multifamily 

residential pipe insulation inspection credit (PIC-H) and extends it to become a 

prescriptive baseline for all multifamily buildings with DWH recirculation systems. This 

submeasure includes minor updates to default values for derating insulation quality in 

the compliance software. 
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2.1.2 Submeasure B: Increased Insulation 

This submeasure increases mandatory pipe insulation requirements for multifamily 

DHW pipes two inches and larger. This submeasure also aligns pipe insulation 

requirements for all multifamily buildings. This submeasure includes minor updates to 

default insulation thickness values in the compliance software. 

2.1.3 Submeasure C: CPC Appendix M Sizing 

This submeasure adds a compliance option for pipe sizing based on CPC Appendix M. 

Appendix M (IAPMO 2019) is an optional CPC appendix with an alternative pipe sizing 

procedure. Appendix M contains a performance-based pipe sizing calculation procedure 

that typically results in smaller pipe sizes than standard practice sizing, which results in 

lower first costs and distribution system heat loss. The current primary prescriptive 

baseline model assumes standard practice pipe sizing based on CPC Appendix A 

(fixture units, Hunterôs curve, etc.). This measure requires updates to the compliance 

software to include two pipe sizing approaches. 

2.1.4 Change Existing Requirement for Two-Loop Recirculation Systems to a 
Compliance Option 

The 2022 multifamily DHW distribution CASE measure would change the existing 

requirement for two recirculation loops in central DHW systems to a compliance option, 

while reducing the performance budget for multifamily DHW recirculation systems with 

new requirements in Submeasure A and B described above. This measure requires 

minor updates to the compliance software. 

 Measure History 

The 2013 multifamily central DHW and solar thermal CASE Report estimated that 33 

percent of hot water generated at the water heater is lost in the recirculation loop to 

ambient space (Statewide CASE Team 2011). In multifamily buildings, DHW is often 

generated via a central gas-fired water heater and delivered via a pump and 

recirculation loop to all dwelling units. Central DHW systems lead to much higher 

distribution piping heat losses than individual water heaters at each dwelling unit, 

particularly in larger buildings because the recirculation loop must be sized and 

designed to adequately serve the hot water demand of all dwelling units. This increases 

piping heat losses as compared to smaller distribution networks.  

To address central distribution heat losses, Title 24, Part 6 currently prescriptively 

requires demand control recirculation, as well as a minimum of two recirculation loops in 

multifamily buildings that have nine or more dwelling units. The proposed multifamily 

DHW distribution submeasures further reduce distribution system heat losses with three 

proposed submeasures and addresses compliance and enforcement challenges of the 

current two loop requirement. 
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2.2.1 Submeasure A: Pipe Insulation Verification 

The Statewide CASE Team investigated a pipe insulation verification measure similar to 

the existing multifamily QII energy credit through HERS verification. This measure is 

needed because of the poor quality of existing insulation exhibited by the 2013 PIER 

Report ñMultifamily Central Domestic Hot Water Distribution Systemsò (PIER 2013) and 

based on the Statewide CASE Teamôs interviews with design firms and stakeholder 

feedback during the CASE Process. 

The 2013 PIER Study monitored several key parameters of central hot water systems 

including hot water supply temperature, hot water return temperature, cold-water supply 

temperature, recirculation flow, hot water draw flow, and natural gas consumption. The 

study monitored 28 buildings in five different climate zones in California. The PIER 

Study Team then developed an energy flow analysis model to separate DHW natural 

gas consumption into four energy flow components: water heating equipment efficiency 

and standby heat loss, recirculation system heat loss, branch pipe heat loss, and 

delivered hot water energy. Recirculation system heat loss ranged from three to 67 

percent of total hot water usage with an average of 33 percent (see Figure 1). The study 

found that measured heat loss from DHW distribution piping was approximately twice 

the anticipated heat loss that would occur with perfect insulation.  

 

 

Figure 1: DHW distribution heat losses.  

Source: (PIER 2013). 

Based on the PIER Study energy flow analysis model, the 2013 Statewide CASE Team 

developed two CASE Reports, one of which was the 2013 CASE Water and Space 

Heating ACM Improvement (Statewide CASE Team 2011). The 2013 Statewide CASE 
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Team developed and proposed the performance calculation algorithms for recirculation 

systems in multifamily and hotel/motel buildings. The 2013 CASE Report suggested an 

ACM Reference Manual ñcorrection factor to reflect imperfect insulationò that was 

adopted by the Energy Commission and is part of the current Title 24, Part 6 

performance approach. The current ACM Reference Manual includes this correction 

factor described as, ñCorrection factor to reflect imperfect insulation, insulation material 

degradation over time, and additional heat transfer through connected branch pipes that 

is not reflected in the branch heat loss calculation. It is assumed to be 2.0.ò 

In addition to the precedent for insulation modifications informed by the PIER study, the 

Verified Pipe Insulation Credit (PIC-H) Residential Verification described in Section 

RA3.6.2 of the residential appendices offers a compliance credit for HERS verification of 

pipe insulation quality. This credit is only available for trunk and branch distribution 

systems in single family and low-rise residential buildings. If this credit is achieved and 

the HERS Rater verifies the hot water distribution system is insulated according to 

CPC609.11, the project receives a 15 percent energy credit in the Assigned Distribution 

System Multiplier (ADSM). ADSM is an adjustment for alternative water heating 

distribution systems within the dwelling unit.  

The Statewide CASE Team also collected data on insulation quality through designer 

interviews, CASE Stakeholder meeting surveys, construction managers and designers 

survey, and field observation punch lists1 and photos. A detailed summary of insulation 

quality data collection is contained in Appendix G, and the methods and results are 

summarized below. 

¶ Designer interviews: The Statewide CASE Team conducted interviews with six 

multifamily plumbing designers to garner feedback on recirculation design 

strategies, compliance, enforcement, and insulation quality. Insulation quality 

questions were open ended. Based on these interviews, the Statewide CASE 

Team learned that hot water distribution systems are frequently missing 

insulation or have poorly installed insulation (missing insulation on fittings 

including improperly mitered joints, insulation not covering 100 percent of a 

straight pipe run, and overall poor insulation quality).  

¶ Utility-sponsored stakeholder meeting survey: A survey was administered 

through the live Adobe interface during the first DHW Stakeholder meeting on 

October 4, 2019. Two questions were asked 1) ñHow often have you seen 

deficiencies in pipe insulation quality, such as missing insulation on fittings or 

poor quality installation?ò and 2) ñWhat are the most common deficiencies in pipe 

 

1 A punch list is a document detailing items in a construction project that do not meet the specifications 

which must be addressed by the contractor. 
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insulation quality?ò Ten out of the twelve respondents said that greater than 50 

percent of projects have insulation deficiencies and that the typical deficiencies 

are ñfittings are not insulated,ò ñpipe insulation is poorly installed (there are 

gaps),ò and ñvalves are not insulated.ò  

¶ Construction managers and designers survey: The Statewide CASE Team 

asked several questions about intervieweeôs observations of insulation quality in 

buildings where interviewees have participated in construction administration 

activities. The Statewide CASE Team found that insulation quality is lacking in 

60-70 percent of multifamily buildings on average and the most common issues 

are uninsulated piping specialties2 including valves, tees, improperly mitered 

joints, and uninsulated pumps.  

¶ Field observation punch lists and photos: The Statewide CASE Team 

collected field observation documentation from designers and construction 

managers. This data provides visual confirmation of the insulation quality issues 

found through interviews and surveys listed above. For example, Figure 2 shows 

missing insulation on elbow and tee fittings. 

 

Figure 2: Field observation punch list photo showing missing pipe insulation. 

Source: (AEA n.d.). 

 

2 Piping specialties refers to all components of a piping system other than the pipe itself. 
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In addition, the United States Department of Energy (U.S. DOE) identified the issue of 

missing elbow insulation in a 2012 Building Technologies Program Code Notes 

regarding insulation requirements in commercial buildings for mechanical and service 

hot water piping (U.S. DOE 2012). The publication includes the graphic illustration 

shown in Figure 3.  

 

 

Figure 3: Illustration of improper and proper elbow insulation. 

Source: (U.S. DOE 2012). 

2.2.2 Submeasure B: Increased Insulation  

The Statewide CASE Team proposes a measure to increase insulation thickness 

requirements specifically for multifamily DHW systems by adding a new row to Table 

120.3-A that refers only to DHW systems.  

The 2013 CASE Water and Space Heating ACM Improvement (Statewide CASE Team 

2011) analyzed increased pipe insulation requirements in Table 120.3-A, which would 

have impacted DHW systems, HVAC systems, and other process hot water distribution. 

The analysis found that increasing DHW pipe insulation was cost effective, but that 

increasing HVAC pipe insulation was not cost effective in most cases. As a result, the 

CASE study did not propose increased insulation thickness in Table 120.3-A because 

the table applied to both system types. The 2013 CASE effort did not analyze market 

availability and other market barriers such as wall thickness limitations on total pipe plus 

insulation diameter. This issue is addressed in this CASE Report.  
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Existing pipe insulation requirements are not consistent for multifamily buildings as 

summarized in Table 6. In addition to increasing insulation thickness for DHW piping, 

this measure would align pipe insulation requirements for all multifamily buildings.  

Table 6: Current Code Hot Water Pipe Insulation Thickness Requirements 

Pipe Size 
Title 24, Part 6 Residential  
(150(j)) Insulation Thickness 

Title 24, Part 6 Nonresidential 
(120.3-A) Insulation Thickness 

3/8" 1" 1" 

1/2" 1" 1" 

3/4" 1" 1" 

1" 1" 1.5" 

1.5" 1.5" 1.5" 

2" 2" 1.5" 

2.5" 2" 1.5" 

3" 2" 1.5" 

3.5" 2" 1.5" 

4" 2" 1.5" 

4.5" 2" 1.5" 

5" 2" 1.5" 

6" 2" 1.5" 

Source: (CEC, Building Energy Efficiency Standards for Residential and Nonresidential Buildings 2019) 

2.2.3 Submeasure C: CPC Appendix M Sizing 

The Statewide CASE Team is proposing a new compliance credit for CPC Appendix M 

pipe sizing, as a way for early adopters to get credit for a measure that reduces both 

energy use and first costs. CPC 2109 Appendix M was adopted verbatim from the 2018 

UPC. 

Appendix M was added to the UPC in 2018 and includes an alternative pipe sizing 

procedure. Appendix M contains a performance-based pipe sizing calculation procedure 

that typically results in smaller pipe sizes than standard practice sizing, which results in 

lower first costs and distribution system heat loss.  

The International Association of Plumbing and Mechanical Officials (IAPMO) Water 

Demand Calculator (WDC) is a tool developed by Buchberger, et. al., used to size pipes 

according to the CPC/UPC Appendix M (Buchberger, et al. 2017). The authors of this 

tool developed this sizing methodology in response to the increased prevalence of low-

flow fixtures. The previous Hunterôs curve/fixture units sizing method assumed outdated 

gallons per minute (GPM) rating for each fixture type (sink, water closet, shower, etc.), 

and used outdated data on diversity of flow in pipes upstream of multiple fixtures. CPC 
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Appendix M and the IAPMO water demand calculator account for modern low-flow 

fixtures required in California code and use a large new dataset of flow diversity in real 

buildings to create a more accurate prediction of peak flow for pipe sizing. 

The Statewide CASE Team found that there is interest in using Appendix M for design 

calculations, but stakeholder conversations, designer interviews, and a review of the 

American Society of Plumbing Engineers (ASPE) Connect forum show there is limited 

market adoption (ASPE n.d.). 

There is currently not an option for a design team to get compliance credit for using 

Appendix M sizing because the ACM Reference Manual mandates pipe sizing in the 

prescriptive baseline model that is based on CPC Appendix A. 

2.2.4 Change Existing Requirement for Two-Loop Recirculation Systems to a 
Compliance Option 

The current code requirement for two-loop recirculation systems, which was first 

adopted in 2013, has faced compliance and enforcement challenges including 

inconsistent interpretations of the requirement and challenges establishing appropriate 

baseline and proposed systems in the California Compliance Simulation Engine (CSE). 

In addition, the two-loop requirement was developed based on research on the low-rise 

multifamily building type and is not directly applicable across all multifamily building 

types (low-, mid-, and high-rise). Feedback from Statewide CASE Teamôs interviews 

with plumbing designers show general confusion over the definition and practicality of 

implementing multiple-loop DHW recirculation systems. 

The Statewide CASE Team had discussions with the CSE Team that implemented the 

two-loop requirement in 2013 and were informed that the CSE results were conflicting 

with the 2013 CASE results in some cases. Modeled energy use in CSE was showing 

larger energy use for two-loop designs compared to one-loop designs. In subsequent 

discussions with the Energy Commission, the Statewide CASE Team was informed that 

the Energy Commission requested a change in CSE to use one-loop as the baseline, 

rather than two-loops. The CSE modeling results and subsequent changes to CSE are 

not documented in official publications, but the Statewide CASE Team confirmed that 

the current CSE baseline assumption is one-loop by running simulations in the 

California Building Energy Code Compliance (CBECC)-Residential (CBECC-Res) and 

Commercial (CBECC-Com) software. Simulations showed that models with two-loops 

used more energy than models with one-loop, confirming the verbal description from the 

CSE Team. The fact that CSE uses a baseline of one-loop was not documented in Title 

24, Part 6 for the last three code cycles, 2013, 2016, and 2019. Title 24, Part 6 along 

with appendices, ACM Reference Manual, and other related documentation, all describe 

a two-loop baseline in 2013, 2016, and 2019 versions. 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-MF-DHW-F| 27 

The Statewide CASE Team conducted interviews with six multifamily plumbing 

designers to garner feedback on recirculation design strategies, compliance, 

enforcement, and insulation quality. Interviews included specific questions regarding 

how often designers used two-loops and their knowledge of current code requirement 

for two-loops. Predominantly (four out of six) interviewees were not aware of the current 

two-loop requirement and said that they had never implemented two-loops with 

separate loop pumps which is the intention of the current Title 24, Part 6 requirements 

(Statewide CASE Team 2011). Many interviewees asked for an explanation of the 

requirement, and after an explanation was provided most designers explained that their 

typical designs already have multiple piping loops (in the form of multiple riser pipes) but 

did not have two pump loops. They went on to explain that they saw no benefit or 

reason to install multiple pumps on their designs. The Statewide CASE Team compared 

this recent designer feedback to the 2013 CASE Report and concluded that the 2013 

CASE Report focus on low-rise multifamily building type is not directly applicable across 

all multifamily building types (low-, mid-, and high-rise). Most mid-and high-rise designs 

use multiple risers with a single supply header and single return header, that effectively 

have multiple loops and division into two pumping zones has limited energy benefit. See 

Appendix H for a summary of the plumbing designs for the four prototype buildings used 

for this CASE analysis. 

The Statewide CASE Team recommends changing the existing requirement for two-

loop recirculation systems to a compliance option, to reduce prescriptive compliance 

barriers while allowing for improvements in CSE to support multi loop designs. 

2.2.5 Other Hot Water Distribution Measures Considered but Not Pursued 

The Statewide CASE Team considered three other measures in the scope of reducing 

distribution heat losses but chose not to pursue them for various reasons. These 

measures include installing heat trace on multifamily distribution systems, requiring 

installation of radiant barriers on pipe insulation, and installing temperature dependent 

valves on supply risers.  

2.2.5.1 Trace Heating 

Trace heating involves placing electrical resistance heating elements directly in contact 

with distribution piping, covered with insulation, to keep the pipe and water warm. Aside 

from reducing demand at the water heater, heat trace also eliminates the need for a 

recirculation loop and the associated pumping power and distribution heat losses from 

the return pipe. However, Ecotope and Purdue University performed studies that 

showed minimal energy savings with trace heating compared to a central recirculation 

approach (Heller, et al. 2017). 

The Statewide CASE Team chose not to pursue this measure due to maintenance and 

replacement concerns and lack of energy savings. During interviews with 
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manufacturers, the Statewide CASE Team discovered that maintenance is difficult since 

it is not possible to pinpoint the location of issues with the product if it is not working 

correctly. Additionally, at the end of life of the product, insulation must be removed to 

replace the heat tape. The expected life of the product is 20 years, less than the life of 

the DHW distribution piping. Since pipes are often sealed behind sheetrock and within 

wall insulation, replacement would be cost and time intensive making this measure not 

cost effective over the life of the building.       

2.2.5.2 Radiant Barrier Equipped Insulation 

Radiant barrier equipped insulation is frequently used to reduce radiative heat loss in 

attics of residential buildings. The Statewide CASE Team chose not to pursue requiring 

radiant barrier equipped pipe insulation due to the lack of product availability. Pipe 

insulation with radiant barriers pre-installed is not commonly available. The Statewide 

CASE Team found products available for site-installed radiant barriers but did not find 

insulation with pre-installed radiant barriers. Subsequently, the amount of labor 

necessary to install the product on pipe insulation would cause the measure to not be 

cost effective. The Statewide CASE Team was also concerned that dust settling on 

radiant barriers would degrade performance over time. 

2.2.5.3 Temperature Dependent Valves 

Temperature dependent valves replace the hot water return circuit setters on supply 

risers and branch loops in distribution systems. Typically, circuit setter valves must be 

manually balanced to ensure consistent flow in each of the risers. Temperature 

dependent valves automatically adjust flow to the risers based on the temperature at the 

valve which eliminates the need for manual balancing and provides better temperature 

controls.  

The Statewide CASE Team chose not to pursue this measure further due to the lack of 

savings opportunity. In new construction, most of the savings potential is already 

captured by the current code requirements for recirculation pump control. The 

prescriptive baseline since 2013 has a requirement for central systems to be controlled 

based on hot water supply and return temperatures which is similar to what occurs with 

temperature dependent valves.  

 Summary of Proposed Changes to Code Documents 

The Energy Commission is planning consolidation of low-and high-rise multifamily 

requirements under a new multifamily section(s) in 2022 Title 24, Part 6. Restructuring 

the standards for multifamily building may also result in revisions to the ACM Reference 

Manual, Reference Appendices, compliance manuals, and compliance documents. 

Location and section numbering of the 2022 Standards and supporting documents for 

multifamily buildings depend on the Energy Commissionôs approach to and acceptance 
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of a unified multifamily section(s). For clarity, the changes proposed in this CASE 

Report are demonstrated in terms of the 2019 structure and language. 

The sections below summarize how the standards, Reference Appendices, ACM 

Reference Manuals, compliance manuals, and compliance documents would be 

modified by the proposed change. See Section 7 of this report for detailed proposed 

revisions to code language. 

2.3.1 Submeasure A: Pipe Insulation Verification 

2.3.1.1 Summary of Changes to the Standards 

This proposal would modify the following section of Title 24, Part 6. See Section 7.2 of 

this report for marked-up code language. 

SUBCHAPTER 8 LOW-RISE RESIDENTIAL BUILDINGS - PERFORMANCE AND 

PRESCRIPTIVE COMPLIANCE APPROACHES 

SECTION 150.1 ï PERFORMANCE AND PRESCRIPTIVE COMPLIANCE 

APPROACHES FOR LOW-RISE RESIDENTIAL BUILDINGS 

¶  [Item (c)8]: The proposed code change would add language that requires field 

verification of pipe insulation and make direct reference to the corresponding new 

Reference Appendix Section. 

2.3.1.2 Summary of Changes to the Reference Appendices 

This proposal would modify the sections of the Reference Appendices identified below. 

See Section 7.3 of this report for the detailed proposed revisions to the text of the 

Reference Appendices. 

Reference Appendices  

RA2.2 Measures that Require Field Verification and Diagnostic Testing  

¶ Table RA2-1 Summary of Measures Requiring Field Verification and 

Diagnostic Testing: The proposed new pipe insulation verification requirement 

would be added to the summary table under the Multifamily Domestic Hot Water 

Heating Measures heading. 

RA 3.6 Field Verification of Water Heating Systems  

¶ The proposed change would add a new section RA3.6.x requiring inspection to 

verify that all DHW pipes are insulated according to the pipe insulation 

requirements in Title 24, Part 6 and CPC. The new section would describe the 

verification coverage within the mechanical room and horizontal supply header 

piping and sampling approach for vertical supply risers.  
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2.3.1.3 Summary of Changes to the Residential ACM Reference Manual  

This proposal would modify the following section of the Residential ACM Reference 

Manual. See Section 7.4 of this report for the detailed proposed revisions to the text of 

the ACM Reference Manual. 

Residential ACM Appendix B ï Water Heating Calculation Method 

¶ B5.1 Hourly Recirculation Loop Pipe Heat Loss Calculation: The proposed 

changes would update default values and text descriptions for Correction Factor, 

fUA, referenced in Equation 20 to reflect the energy impact without and with pipe 

insulation verification. Relocation of the text descriptions for Ubare,n and Uinsul,n 

and Equation 21 improves readability and clarity. 

2.3.1.4 Summary of Changes to the Residential Compliance Manual  

The proposed code change would modify the following sections of the Residential 

Compliance Manual.  

CHAPTER 5 Water Heating Requirements 

SECTION 5.3 Mandatory Requirements for Water Heating  

¶ 5.3.5 Mandatory Requirements for Hot Water Distribution Systems 

¶ 5.3.5.3 Distribution Systems Serving Multiple Dwelling Units ï with Recirculation 

Loops 

The proposed code change would add descriptions of benefits, procedures, and tips for 

carrying out pipe insulation verification.  

SECTION 5.4 Prescriptive Requirements for Water Heating  

¶ 5.4.2 Multiple Dwelling Units: Multifamily, Motel/Hotels, and High-Rise 

Residential 

¶ 5.5.3 Systems Serving Multiple Dwelling Units 

See Section 7.5 of this report for the detailed proposed revisions to the text of the 

compliance manuals. 

2.3.1.5 Summary of Changes to Compliance Documents  

The proposed changes would require updates to the following compliance forms: 

¶ CF2R-PLB-01a-NonHERS-MultifamilyCentralHotWaterSystemDistribution 

¶ CF2R-PLB-21a-HERS-MultifamilyCentralHotWaterSystemDistribution 

¶ CF3R-PLB-21a-HERS-MultifamilyCentralHotWaterSystemDistribution 

¶ NRCI-PLB-02-HighRiseResHotelMotel-MultifamilyCentral-HWSystemDistribution 

¶ NRCI-PLB-21-HERS-HighRiseResHotelMotel-MultifamilyCentral-

HWSystemDistribution 



 

2022 Title 24, Part 6 Final CASE Report ï 2022-MF-DHW-F| 31 

¶ NRCV-PLB-21-HERS-HighRiseResHotelMotel-MultifamilyCentral-

HWSystemDistribution 

The proposed change would add a new table in the forms for quality pipe insulation 

installation and field verification documentation.  

2.3.2 Submeasure B: Increased Insulation 

2.3.2.1 Summary of Changes to the Standards  

This proposal would modify the following section of Title 24, Part 6. See Section 7.2 of 

this report for marked-up code language. 

SUBCHAPTER 3 NONRESIDENTIAL, HIGH-RISE RESIDENTIAL, HOTEL/MOTEL 

OCCUPANCIES, AND COVERED PROCESSESðMANDATORY REQUIREMENTS 

SECTION 120.3 ï REQUIREMENTS FOR PIPE INSULATION 

¶ [Table 120.3-A]: The proposed code change would add a row to Table 120.3-A 

that applies specifically to multifamily DHW systems. The requirements would 

specify both insulation thickness and R-value by pipe diameter for the 105-140ÁF 

fluid operating temperature range. The new row would have identical insulation 

requirements as the current table 120.3-A for pipes under two inches diameter. 

Pipes equal to two inches diameter and larger would have higher insulation 

requirements than the current table 120.3-A.  

SUBCHAPTER 7 LOW-RISE RESIDENTIAL BUILDINGS ï MANDATORY 

FEATURES AND DEVICES 

SECTION 150.0 ï MANDATORY FEATURES AND DEVICES 

¶ Subsection (j) Insulation for Piping and Tanks: The proposed code change 

would add clarifying language that references the mandatory pipe insulation 

levels for multifamily DHW systems.  

2.3.2.2 Summary of Changes to the Reference Appendices 

The proposed code change would not modify the Reference Appendices documents. 

2.3.2.3 Summary of Changes to the Residential ACM Reference Manual 

The proposed code change would not modify the ACM Reference Manual. 

2.3.2.4 Summary of Changes to the Residential Compliance Manual  

The proposed code change would modify the following section of the Residential 

Compliance Manual.  

CHAPTER 5 Water Heating Requirements 
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SECTION 5.3 Mandatory Requirements for Water Heating 

¶ 5.3.5 Mandatory Requirements for Hot Water Distribution Systems 

¶ 5.3.5.1 Pipe Insulation for All Buildings 

The proposed changes would add clarifying language and reference to applicable code 

sections. 

2.3.2.5 Summary of Changes to Compliance Documents  

The proposed code change would require minor updates to reference locations for the 

multifamily pipe insulation requirements in the following forms: 

¶ CF2R-PLB-01a-NonHERS-MultifamilyCentralHotWaterSystemDistribution 

¶ CF2R-PLB-21a-HERS-MultifamilyCentralHotWaterSystemDistribution 

¶ CF3R-PLB-21a-HERS-MultifamilyCentralHotWaterSystemDistribution 

¶ NRCI-PLB-02-HighRiseResHotelMotel-MultifamilyCentral-HWSystemDistribution 

¶ NRCI-PLB-21-HERS-HighRiseResHotelMotel-MultifamilyCentral-

HWSystemDistribution 

¶ NRCV-PLB-21-HERS-HighRiseResHotelMotel-MultifamilyCentral-

HWSystemDistribution 

2.3.3 Submeasure C: CPC Appendix M Sizing 

2.3.3.1 Summary of Changes to the Standards 

The proposed code change would not modify the standards.  

2.3.3.2 Summary of Changes to the Reference Appendices 

The proposed code change would not modify the Reference Appendices documents. 

2.3.3.3 Summary of Changes to the Residential ACM Reference Manual  

This proposal would modify the following section of the Residential ACM Reference 

Manual. See Section 7.4 of this report for the detailed proposed revisions to the text of 

the ACM Reference Manual. 

Residential ACM Appendix B ï Water Heating Calculation Method 

B5.1 Hourly Recirculation Loop Pipe Heat Loss Calculation 

The proposed changes would add a new correction factor, fA,n, to the formula for pipe 

heat loss rate (Equation 21) to reflect the benefit of Appendix M pipe sizing. The new 

factor would vary based on the number of dwelling units served by the DHW system. 
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2.3.3.4 Summary of Changes to the Residential Compliance Manual  

The proposed code change would modify the following section of the Residential 

Compliance Manual.  

CHAPTER 5 Water Heating Requirements 

SECTION 5.4 Prescriptive Requirements for Water Heating  

¶ 5.4.2 Multiple Dwelling Units: Multifamily, Motel/Hotels, and High-Rise 

Residential 

The proposed compliance option would add a new Section 5.4.2.x to describe benefits, 

procedures, and useful resources for Appendix M sizing methodology.  

2.3.3.5 Summary of Changes to Compliance Documents  

The proposed code change would add a table to an existing Certificate of Compliance 

or create a new Certificate of Compliance. 

2.3.4 Change Existing Requirement for Two-Loop Recirculation Systems to a 
Compliance Option 

2.3.4.1 Summary of Changes to the Standards 

The proposed code change would strike language that requires recirculation systems to 

include two or more loops serving separate dwelling units and the related exception 

allowing buildings with eight or fewer dwelling units to use a single recirculation loop. 

See Section 7.2 of this report for marked-up code language. 

SUBCHAPTER 8 LOW-RISE RESIDENTIAL BUILDINGS - PERFORMANCE AND 

PRESCRIPTIVE COMPLIANCE APPROACHES 

SECTION 150.1 ï PERFORMANCE AND PRESCRIPTIVE COMPLIANCE 

APPROACHES FOR LOW-RISE RESIDENTIAL BUILDINGS 

¶ [Item (c)8Bii] 

2.3.4.2 Summary of Changes to the Reference Appendices 

This proposal would modify the following section of the Reference Appendices. See 

Section 7.3 of this report for the detailed proposed revisions to the text of the Reference 

Appendices. 

Reference Appendices  

RA 3.6 Field Verification of Water Heating Systems  

¶ RA3.6.8 HERS-Multiple Recirculation Loop Design for DHW Systems 

Serving Multiple Dwelling Units: The proposed code change would modify the 
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descriptions in HERS or Acceptance Test Technician (ATT) verification 

procedure RA3.6.8 to reflect two-loop recirculation being a compliance option. 

2.3.4.3 Summary of Changes to the Residential ACM Reference Manual  

This proposal would modify the following section of the Residential ACM Reference 

Manual. See Section 7.4 of this report for the detailed proposed revisions to the text of 

the ACM Reference Manual. 

Residential ACM Appendix B ï Water Heating Calculation Method 

¶ APPENDIX B2. WATER HEATING SYSTEMS 

¶ B5. Hourly Distribution Loss for Central Water Heating System 

¶ B5.3 Recirculation System Plumbing Design 

The proposed change would clarify that Standard Design is a DHW system with one 

recirculation loop. 

2.3.4.4 Summary of Changes to the Residential Compliance Manual  

The proposed code change would modify the following section of the Residential 

Compliance Manual.  

CHAPTER 5 Water Heating Requirements 

SECTION 5.4 Prescriptive Requirements for Water Heating  

¶ 5.4.2 Multiple Dwelling Units: Multifamily, Motel/Hotels, and High-Rise 

Residential 

¶ 5.4.2.1 Dual-Loop Recirculation System Design 

The proposed changes would delete the dual-loop prescriptive requirement in Section 

5.4.2.1 and add clarifying language that dual-loop systems is a performance option that 

requires HERS verification.  

2.3.4.5 Summary of Changes to Compliance Documents  

The proposed changes would require minor updates to the following compliance forms: 

¶ CF2R-PLB-21a-HERS-MultifamilyCentralHotWaterSystemDistribution 

¶ CF3R-PLB-21a-HERS-MultifamilyCentralHotWaterSystemDistribution 

¶ NRCI-PLB-21-HERS-HighRiseResHotelMotel-MultifamilyCentral-

HWSystemDistribution 

¶ NRCV-PLB-21-HERS-HighRiseResHotelMotel-MultifamilyCentral-

HWSystemDistribution 
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The proposed code change would update compliance forms so that multiple loop is a 

compliance option.  

 Regulatory Context 

2.4.1 Submeasure A: Pipe Insulation Verification 

2.4.1.1 Existing Requirements in the Energy Code 

Title 24, Part 6 Section 150.0 requires insulation on all pipes and piping accessories by 

implication because only specific exceptions are cited. Exceptions include factory 

installed piping, piping penetrating framing members (although a thermal isolation 

material is required when pipes penetrate metal framing), piping in exterior walls that 

have QII, and piping surrounded by minimum thicknesses of wall, crawlspace, or attic 

insulation. 

Title 24, Part 6 Section 120.0 specifically requires insulation on all pipes and piping 

accessories stating as ñall elements that are in series with the fluid flowò and specifically 

mentions pipes, pumps, valves, strainers, coil u-bends, and air separators. There are 

exceptions for factory installed piping and piping penetrating framing members similar to 

Title 24, Part 6 Section 150.0.  

The ACM Reference Manual has a compliance credit for field verification of pipe 

insulation quality called PIC-H where distribution heat losses are reduced by 15 percent 

according to Table B-1 of the ACM Reference Manual. In the residential appendices, 

RA3.6.2 contains HERS verification of pipe insulation for hot water distribution systems 

that is required when taking the PIC-H credit. This credit is only available for trunk and 

branch distribution systems in single family and low-rise residential buildings. RA3.6.2 

requires verification that pipe insulation installation meets the requirements of Title 24, 

Part 6 Section 150.0(j).  

There are similar insulation verification procedures for QII of wall insulation in RA3.5.  

Lastly, RA2.6 describes the verification, testing, and sampling protocols for HERS 

verifications. This section outlines the definition of open groups, closed groups, the 

protocol for sampling rates, and the procedures for additional testing if a unit or units fail 

which would be referenced in the requirements for pipe insulation verification.  

A separate multifamily high performance thermal envelope CASE topic for the 2022 

code cycle is proposing to extend the QII HERS verification to high-rise multifamily 

buildings which is peripherally related to pipe insulation verification3. The Statewide 

 

3 For more information, visit https://title24stakeholders.com/measures/cycle-2022/multifamily-chapter-

restructuring/ 

https://title24stakeholders.com/measures/cycle-2022/multifamily-chapter-restructuring/
https://title24stakeholders.com/measures/cycle-2022/multifamily-chapter-restructuring/
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CASE Team does not anticipate the thermal envelope QII verification and pipe 

insulation verification requirements to be in conflict because they require inspections of 

different building components.  

2.4.1.2 Relationship to Requirements in Other Parts of the California Building 
Code  

CPC 2019 Section 609.11 requires insulation on all pipes and piping accessories by 

implication because only specific exceptions are cited. Exceptions include piping 

penetrating framing member and piping between the fixture control valve and 

appliances.  

2.4.1.3 Relationship to Local, State, or Federal Laws 

There are no relevant local, state, or federal laws. 

2.4.1.4 Relationship to Industry Standards  

There are no relevant industry standards. 

2.4.2 Submeasure B: Increased Insulation 

Table 7: Current Regulations for Service Hot Water Pipe Insulation Thickness in  Title 

24, Part 6 summarizes the insulation requirements in Title 24, Part 6 Residential, 

Nonresidential, and CPC hot water pipe insulation requirements. This table is discussed 

further in the sections below.  

Table 7: Current Regulations for Service Hot Water Pipe Insulation Thickness in 
Title 24, Part 6 

Pipe 
Size 

Title 24, Part 6 
Residential 

Title 24, Part 6 
Nonresidential 

CPC 

3/8" 1" 1" 3/8" 

1/2" 1" 1" 1/2" 

3/4" 1" 1" 3/4" 

1" 1" 1.5" 1" 

1.5" 1.5" 1.5" 1.5" 

2" 2" 1.5" 2" 

2.5" 2" 1.5" 2" 

3" 2" 1.5" 2" 

3.5" 2" 1.5" 2" 

4" 2" 1.5" 2" 

4.5" 2" 1.5" 2" 

5" 2" 1.5" 2" 
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6" 2" 1.5" 2" 

2.4.2.1 Existing Requirements in the Energy Code 

2019 Title 24, Part 6 Section 150.0(j) contains requirements for residential and low-rise 

multifamily pipe insulation thickness that refers to section 609.11 of the 2019 CPC 

(described in 2.4.2.2 ). Section 150.0(j) further requires pipe insulation for certain 

sections of the distribution system such as the first five feet of cold-water pipe from the 

storage tank and hot water piping serving a DHW Recirculation system. In addition, this 

section allows for a few exceptions including when piping penetrates a wood framing 

member.  

2019 Title 24, Part 6 Section 120.3 contains requirements for nonresidential and high-

rise residential pipe insulation. This section refers to Table 120.3-A which contains the 

specific thickness/R-value of insulation required for pipes based on the fluid operating 

range. Section 120.3 requires insulation on all elements of a pipe distribution system 

that are in series with the fluid flow (pumps, valves, strainers, and coils u-bends), and 

includes requirements for insulation on cold-water piping to storage tanks and heat 

traps.  

2.4.2.2 Relationship to Requirements in Other Parts of the California Building 
Code  

2019 CPC Section 609.11 requires pipe insulation thickness equal to pipe diameter up 

to two inches, and a minimum of two inches for larger pipes. 

2.4.2.3 Relationship to Local, State, or Federal Laws 

There are no relevant local, state, or federal laws. 

2.4.2.4 Relationship to Industry Standards  

ASHRAE Standard 90.1 requirements exactly match Title 24, Part 6 Table 120.3-A. The 

proposed increase in insulation thickness for multifamily DHW pipes two inches and 

larger would exceed current ASHRAE 90.1 requirements. 

2.4.3 Submeasure C: CPC Appendix M Pipe Sizing 

2.4.3.1 Existing Requirements in the Energy Code 

While Title 24, Part 6 does not have requirements for how pipes should be sized, 

Appendix B of the Residential ACM has pipe sizing assumptions that are based on 

current CPC Appendix A pipe sizing requirements (fixture units, Hunterôs curve) that 

apply to both the reference and proposed pipe sizes.  



 

2022 Title 24, Part 6 Final CASE Report ï 2022-MF-DHW-F| 38 

2.4.3.2 Relationship to Requirements in Other Parts of the California Building 
Code  

The CPC, which is largely the same as the UPC, contains requirements for pipe sizing 

in Appendix A which has been adopted by most state agencies. CPC Appendix A uses 

the water supply fixture units (WSFU) approach along with estimated demand curves 

(commonly referred to as Hunterôs curves) to account for diversity of flow in upstream 

pipes that service multiple fixtures.  

An alternative pipe sizing approach in Appendix M was a new addition to the UPC in the 

2018 version and subsequently adopted into CPC 2019 (Buchberger, et al. 2017). CPC 

Appendix M sizing results in smaller pipe sizes compared CPC Appendix A. CPC 

Appendix M was not specifically adopted by any state agencies so remains an optional 

approach. It is too early to know how local jurisdictions would respond to projects that 

propose using Appendix M rather than Appendix A for pipe sizing. 

2.4.3.3 Relationship to Local, State, or Federal Laws 

There are no relevant local, state, or federal laws. 

2.4.3.4 Relationship to Industry Standards  

The IAPMO Water Demand Calculator is a tool developed by Buchberger et. al. used to 

size pipes according to the CPC/UPC Appendix M (Buchberger, et al. 2017). The 

authors of this tool developed this sizing methodology in response to the increased 

prevalence of low-flow fixtures. The previous Hunterôs curve/fixture units sizing method 

assumed outdated GPM rating for each fixture type (sink, water closet, shower, etc.), 

and used outdated data on diversity of flow in pipes upstream of multiple fixtures. CPC 

Appendix M and the IAPMO water demand calculator account for modern low-flow 

fixtures required in California code and use a large new dataset of flow diversity in real 

buildings to create a more accurate prediction of peak flow for pipe sizing. 

 Compliance and Enforcement  

When developing this proposal, the Statewide CASE Team considered methods to 

streamline the compliance and enforcement process and how negative impacts on 

market actors who are involved in the process could be mitigated or reduced. This 

section describes how to comply with the proposed code change. It also describes the 

compliance verification process. Appendix E presents how the proposed changes could 

impact various market actors.  

2.5.1 Submeasure A: Pipe Insulation Verification 

The activities that need to occur during each phase of the project are described below:  
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¶ Design Phase: Designers provide and note pipe insulation levels on design 

drawings if taking the prescriptive approach. This provides a queue for the 

general contractor to anticipate the coordination needed for timing and 

scheduling HERS Rater or ATT verification during later phases. 

¶ Permit Application Phase: Energy consultants make the desired pipe insulation 

verification selection (Y/N) in the compliance software for the project if taking the 

performance approach, and the information is submitted as part of the application 

package. 

¶ Construction Phase: Pipe insulation verification would require additional 

coordination between trades on site to enable visual verification of insulation by a 

HERS Rater or ATT. Installers would populate and sign the CF2R-PLB form. 

¶ Inspection Phase: HERS Rater or ATT would need to coordinate and schedule 

verification visits with installers or general contractors (more likely for larger 

buildings) to ensure proper construction stages and adequate access while on 

site. Installers would likely need to accompany HERS Rater or ATT personnel 

during verification visits. HERS Rater/ ATT would populate the CF3R-PLB form, 

and after the verification visits, both the HERS Rater or ATT and installers would 

provide signatures for the compliance form. 

Pipe insulation verification builds on an existing pipe insulation compliance credit 

available only to single family and low-rise multifamily buildings, and the proposed 

measure requires field verification of insulation quality on recirculation pipes. The scale 

and required coverage in verifying multifamily DHW pipe insulation adds time and 

complexity to the construction and installation process. Multiple verification visits may 

be needed as plumbing insulation is often phased with other trades on site, particularly 

for larger buildings.  

Combined verification efforts where multiple verification activities are performed at the 

same time is possible. QII is the prime example for potential combined verification visits 

since there are similarities between construction phasing of wall cavity installation, 

sampling requirements, and verifications activities between QII and pipe insulation 

verification.  

2.5.2 Submeasure B: Increased Insulation 

The activities that need to occur during each phase of the project are described below:  

¶ Design Phase: Designers who issue specifications that refer to current code for 

pipe insulation thickness would not need to change their specifications. 

Designers who issue specifications that include a table of insulation thicknesses 

would need to update their specifications to reflect new insulation thickness 

requirements. Designers who issue specifications that include a table of 
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insulation thicknesses would use the same table for all multifamily building types, 

in contrast to current code where two different tables are required for low- and 

high-rise buildings. 

No enforcement changes are anticipated because all existing pipe insulation 

enforcement would remain the same. 

¶ Permit Application Phase: No compliance or enforcement changes are 

anticipated. 

¶ Construction Phase: Insulation installers would not experience substantial shift 

in present practice except for the increased insulation thickness associated with 

larger pipes where installed. Plumbers may need to change practices to allow 

clearance around the piping for the 2-inch thick insulation. This scenario is rare 

because most horizontal piping with two-inch or larger diameters occurs in 

horizontal configuration with little to no space limitation. 

¶ Inspection Phase: Building officials would need to learn the new insulation 

thickness requirements, although they would only have to learn one set of 

requirements for all multifamily buildings in contrast to current code where two 

different sets of requirements are required for low- and high-rise buildings. 

Overall increasing insulation for pipe diameters two inches and larger entails similar 

compliance and enforcement activities as currently required. The proposed insulation 

increase applies to larger pipe diameters used primarily for recirculation, run-outs, and 

riser portions, and not in-unit portions of DHW piping. Alignment of multifamily pipe 

insulation levels regardless of building height provides consistency for enforcement use.  

2.5.3 Submeasure C: CPC Appendix M Sizing 

The activities that need to occur during each phase of the project are described below:  

¶ Design Phase: Plumbing designers have the option to perform pipe sizing 

calculations and design tasks based on CPC Appendix M method. 

¶ Permit Application Phase: Plumbing designers would provide additional design 

documentation if they choose to exercise this compliance option. Designers 

would populate detailed piping schedule per the Appendix M sizing methodology 

on the CF1R-PLB form. Building department plan inspector would need to 

understand and review Appendix M sizing reported in the CF1R compliance 

form. 

¶ Construction Phase: No compliance or enforcement changes are anticipated as 

the installers would follow pipe sizing specified design documents as usual.  

¶ Inspection Phase: There would be no impact on inspection activities.  
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Charting a compliance pathway for designers choosing to use Appendix M Sizing 

methodology raises the awareness of this relatively new option and encourages 

designer adoption as well as local building official acceptance.  

2.5.4 Change Existing Requirement for Two-Loop Recirculation Systems to a 
Compliance Option 

The activities that need to occur during each phase of the project are described below:  

¶ Design Phase: Minimal compliance or enforcement changes are anticipated, 

and plumbing designers continue to exercise design options in terms of 

recirculation system layout. Changing the prescriptive baseline is a single DHW 

recirculation loop without a requirement for HERS verification would simplify 

design and compliance documentation for projects that follow the prescriptive 

requirements.  

¶ Permit Application Phase: No compliance or enforcement changes are 

anticipated. 

¶ Construction Phase: Minimal compliance or enforcement changes are 

anticipated. Changing the prescriptive baseline is a single DHW recirculation loop 

without a requirement for HERS verification would simplify coordination of HERS 

field verification for projects that follow the prescriptive requirements. 

¶ Inspection Phase: No compliance or enforcement changes are anticipated 

except for changing the recirculation loop from a prescriptive requirement to a 

performance option on CF2R-PLB and CF3R-PLB forms. 

The current requirement for two-loop recirculation systems (first adopted in 2013 for 

Title 24, Part 6) has faced compliance and enforcement challenges including 

inconsistent interpretations of the requirement and challenges establishing appropriate 

baseline and proposed systems in the CSE. Changing the existing prescriptive 

requirement to a compliance option would simplify the compliance process for projects 

that follow the prescriptive path, where only one loop is required without a requirement 

for HERS verification. 
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3.  Market Analysis 

 Market Structure 

The Statewide CASE Team performed a market analysis with the goals of identifying 

current technology availability, product availability, and market trends. The Statewide 

CASE Team then considered how the proposed standard may impact the market in 

general as well as individual market actors. The Statewide CASE Team gathered 

information about the incremental cost of complying with the proposed measure. The 

Statewide CASE Team identified estimates of market size and measure applicability 

through research and outreach with stakeholders including utility program staff, Energy 

Commission staff, and a wide range of industry actors. In addition to conducting 

personalized outreach, the Statewide CASE Team discussed the current market 

structure and potential market barriers during public stakeholder meetings that the 

Statewide CASE Team held on October 3, 2019, and March 17, 2020 (Statewide CASE 

Team 2019).  

3.1.1 Submeasure A: Pipe Insulation Verification 

DHW pipe insulation is typically installed by the plumbing subcontractor or an 

independent insulation subcontractor. Plumbing subcontractors usually provide both 

plumbing and insulation on smaller buildings, while larger buildings often have separate 

contractors for plumbing and insulation installation. This submeasure would impact 

insulation contractors and installers in larger multifamily buildings with central DHW 

systems that require pipes two inches and larger (approximately, buildings with more 

than 30 units).  

Pipe insulation that covers all pipes, fittings, valves, pumps, etc., is already required in 

the residential and nonresidential language of Title 24, Part 6, and the CPC. Therefore, 

the pipe insulation verification requirement would not significantly change installation 

requirements. This submeasure would require increased attention to detail by pipe 

insulation installers to ensure that insulation is complete and well installed. 

HERS Raters currently inspect wall insulation quality when QII is required and a limited 

number also inspect pipe insulation quality for the existing PIC-H credit. This measure 

would add a new inspection similar to the existing PIC-H inspection that the HERS 

Rater providers would include in their services. ATT personnel perform compliance 

verifications for lighting and mechanical systems in high-rise multifamily buildings but 

not for central DHW system. This measure, if performed by an ATT, would present a 

new type of ATT verification services for multifamily new construction buildings.  
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3.1.2 Submeasure B: Increased Insulation 

Pipe insulation has existing supply chains that would not change for this measure. 

Insulation installation discussed in the section above would not change for this 

measure.  

The Statewide Case Team gathered data on the insulation supply chain through 

communication with a manager of a Northern California insulation contractor with 30 

years of pipe insulation experience. There are three primary manufacturers of DHW 

pipe insulation: Owens Corning, Knauf, and Johns Manville. All three manufacturers 

make the same sizes and in general meet the same specifications. Insulation 

contractors stock insulation for half- inch up to 16- inch pipe, up to two inches thick. 

When greater than two inches of insulation is required, contractors would nest two 

layers of insulation to achieve the required thicknesses. Insulation supply delivery 

typically occurs every week and special orders are delivered within two weeks. The 

Statewide CASE Team also reviewed online retailer offerings and found similar 

availability of insulation from at least three manufacturers. The Statewide CASE Team 

confirmed the top three pipe insulation manufacturers mentioned above in a 

Marketwatch market report (MarketWatch 2019). 

3.1.3 Submeasure C: CPC Appendix M Pipe Sizing 

Plumbing designers, engineers, and contractors perform sizing calculations and pipe 

layout for DHW piping systems. This submeasure would require existing design 

professionals to use new procedures, likely utilizing the WDC tool from IAPMO. 

Plumbing materials supply and installation markets would not change for this 

submeasure because the only change would be use of smaller pipe sizing in a portion 

of the DHW system layout. Pipes used for DHW distribution are the same pipes used in 

HVAC systems and commercial and industrial facilities, so they are widely available 

through retail, online, and distributor distribution channels. Multifamily pipe sizes and 

quantities are a small portion of the overall market, so changes in pipe size demands 

would not impact the supply chain. 

 Technical Feasibility, Market Availability, and Current Practices 

3.2.1 Submeasure A: Pipe Insulation Verification 

Current construction phasing practices may be a barrier to pipe insulation verification, 

where drywall is often installed soon after pipe insulation is installed. This submeasure 

requires a window of time where pipe insulation is exposed before drywall installation. If 

phasing is an issue, general contractors would need to coordinate subcontractor 

schedules to allow for pipe insulation verification. The Statewide CASE Team 

conducted interviews with designers and a HERS Rater to discuss this issue and 

concluded that close coordination between the general contractor/construction 
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supervisor and HERS Rater is necessary to time the visits and limit the impact on the 

construction schedule while maintaining an adequate sampling rate. Interviewees 

thought that coordination was achievable if a sampling method was used (one in seven 

DHW recirculation pipe risers for example) and would be an issue if complete (100 

percent) inspection was required. Interviewees noted that similar coordination is 

required for other HERS activities, such as QII.  

There is a precedent for verification of pipe insulation with the current PIC-H credit (see 

Section 2.2.1) and 15 percent of single family projects permitted on CalCERTS HERS 

Registry have applied for this credit in 2019, so HERS Raters have somewhat limited 

experience4.  

During the stakeholder outreach process, stakeholders said that insulation installers 

might not know how to properly install insulation that meets current code requirements. 

Pipe insulation installers may need to be trained, potentially by manufacturers or other 

code supporting entities on how to correctly install pipe insulation as required in the 

current energy and plumbing codes.  

Insulation quality is a passive measure that would persist for the life of the materials. 

There is no maintenance required.  

See Appendix G for more background on current practices for pipe insulation installation 

and verification. 

3.2.2 Submeasure B: Increased Insulation 

The Statewide CASE Team focused the code proposal efforts on considering pipe 

insulation levels where the recirculation system experiences the greatest heat loss ï 

piping upstream of unit-level runouts where pipe diameters are larger, water 

temperatures are higher, and flows are more frequent. Stakeholders provided 

information on the state and challenges of current insulation practices that as follows:  

¶ Some stakeholders were concerned about availability of thicker insulation. The 

Statewide CASE Team reviewed insulation products online from common 

retailers and found insulation up to two inches thick from multiple manufacturers. 

Through outreach to insulation contractors, the Statewide CASE Team found that 

contractors typically stock insulation up to two inches thick for half inch pipe up to 

16-inch pipe. Contractors stated that when greater than two inches of insulation 

 

4 A HERS Rater is a person who has been trained, tested, and certified by a HERS Provider to perform 

the field verification and diagnostic testing required for demonstrating compliance with Part 6, Title 24 

code. CEC oversees the HERS Providers who train and certify HERS Raters. CalCERTS and California 

Energy Registry are the two HERS Providers, and CalCERTS (CalCERTS n.d.) reported have more than 

600 active Raters providing 5,600 home ratings in 2018. 
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is required, they would nest two layers of insulation to achieve the required 

thicknesses. Installing two layers of insulation approximately doubles costs 

compared to one layer because installation is a large portion of the cost, so this 

submeasure limits insulation thickness to two inches. 

¶ Increasing insulation thickness on certain pipes may result in an assembly that is 

too large to fit in a standard wall size. For example, a two-inch pipe with two-inch 

insulation thickness (six inch assembly diameter) would not fit in a standard two 

inch by six inch wall that is typically provided for plumbing services. The 

Statewide CASE Team reviewed plumbing distribution systems for the four 

prototype multifamily buildings used in this CASE analysis (summarized in 

Appendix G) and found that all vertical pipes would fit in a standard plumbing 

wall. Most instances of large diameter pipe plus insulation assemblies occur for 

horizontal pipes that have less space limitations or are pipes at the hot water 

plant which do not have space limitations. The proposed increase in insulation 

thickness does not impact vertical pipe risers because the riser pipe sizes are 

always less than two inches in diameter.  

¶ Stakeholders expressed that there are diminishing energy savings returns when 

increasing insulation thickness, particularly for smaller pipe diameters. The 

Statewide CASE Team is proposing increasing insulation requirements for pipes 

two inches and larger pipes, such as those used in recirculation loops and at the 

hot water plant to maximize energy savings.  

¶ Stakeholders have expressed concern about conflicting insulation thickness 

requirements in Title 24, Part 6 and other parts of California Building Code. The 

Statewide CASE Team acknowledges that the requirements vary between the 

CPC, Residential Energy Code, and Nonresidential Energy Code (see Table 7). 

The Statewide CASE Team is proposing unification of requirements for all 

multifamily buildings which would remove conflicting requirements within Title 24, 

Part 6. Title 24, Part 6 will continue to have more stringent insulation thickness 

requirements than the CPC.  

Increased insulation is a passive measure that would persist for the life of the materials. 

There is no maintenance required.  

3.2.3 Submeasure C: CPC Appendix M Pipe Sizing 

CPC Appendix M is a new optional appendix with a pipe sizing method that differs from 

the method in the required CPC Appendix A (see Section 2.4). CPC Appendix M was 

not specifically adopted by any state agencies, and so remains an optional approach. 

This measure is being proposed as a compliance option because Appendix M is not the 

basis of the current code and may require jurisdictional approval.  
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Several stakeholders suggested that Appendix M should be a mandatory or prescriptive 

requirement because it reduces energy use and cost, but the Statewide CASE Team 

determined this is not feasible without updates to the CPC that require local jurisdiction 

adoption of Appendix M as an optional (or primary) sizing method. 

Stakeholders asked if there is a risk of smaller pipe sizes not being able to meet peak 

hot water demand. The Statewide CASE Team believes the risk of under sizing is small 

based on the data and history behind Appendix M. A large portion of the field data used 

in the Water Demand Calculator (WDC) for Appendix M was from field data in 

multifamily buildings (Buchberger, et al. 2017).  

Designers would need to learn a new calculation procedure for Appendix M, although 

the learning curve should be quick because the WDC spreadsheet is already available 

from IAPMO. 

Appendix M sizing is a passive measure that would persist for the life of the materials. 

There is no maintenance required.  

3.2.4 Change Existing Requirement for Two-Loop Recirculation Systems to a 
Compliance Option 

The Statewide CASE Team discussed the technical feasibility of having two 

recirculation loops in multifamily buildings during interviews with multifamily plumbing 

designers. The designers expressed concern that a two-loop design does not have a 

physical meaning for the mid- and high-rise prototypes. Designers said that a typical 

plumbing design for a multifamily building is a supply loop at the top level of the building 

with supply risers (vertical pipes) distributed throughout the building, and a loop at the 

bottom of the building which gathers the supply risers and returns water to the hot water 

plant. In this case, there are several loops created by each of the supply risers. 

Designers also said that they were not sure what the term ñtwo-loopsò means in the 

context of multifamily plumbing layouts they typically design.  The Statewide CASE 

Team recommends changing the existing requirement for two-loop recirculation 

systems to a compliance option, to reduce prescriptive compliance barriers while 

allowing for improvements in CSE to support multi loop designs. 

 Market Impacts and Economic Assessments 

3.3.1 Impact on Builders 

Builders of residential and commercial structures are directly impacted by many of the 

measures proposed by the Statewide CASE Team for the 2022 code cycle. It is within 

the normal practices of these businesses to adjust their building practices to changes in 

building codes. When necessary, builders engage in continuing education and training 

in order to remain compliant with changes to design practices and building codes.  
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The proposed requirements for the increased insulation would have a limited impact on 

builders, including purchase of thicker insulation products and the marginally longer 

installation labor required to install thicker insulation.  

3.3.2 Impact on Building Designers and Energy Consultants 

Adjusting design practices to comply with changing building codes practices is within 

the normal practices of building designers. Building codes (including Title 24, Part 6) are 

typically updated on a three-year revision cycle and building designers and energy 

consultants engage in continuing education and training in order to remain compliant 

with changes to design practices and building codes.   

Businesses that focus on residential, commercial, institutional, and industrial building 

design are contained within the Architectural Services sector (North American Industry 

Classification System 541310). Table 8 shows the number of establishments, 

employment, and total annual payroll for Building Architectural Services. The proposed 

code changes for the 2022 code cycle would potentially impact all firms within the 

Architectural Services sector. The Statewide CASE Team anticipates the impacts for 

DHW Distribution to affect firms that focus on multifamily construction.  

There is not a North American Industry Classification System (NAICS)5 code specific for 

energy consultants. Instead, businesses that focus on consulting related to building 

energy efficiency are contained in the Building Inspection Services sector (NAICS 

541350), which is comprised of firms primarily engaged in the physical inspection of 

residential and nonresidential buildings.6 It is not possible to determine which business 

establishments within the Building Inspection Services sector are focused on energy 

efficiency consulting. The information shown in Table 8 provides an upper bound 

indication of the size of this sector in California.  

 

 

5 NAICS is the standard used by Federal statistical agencies in classifying business establishments for 

the purpose of collecting, analyzing, and publishing statistical data related to the U.S. business economy. 

NAICS was development jointly by the U.S. Economic Classification Policy Committee (ECPC), Statistics 

Canada, and Mexico's Instituto Nacional de Estadistica y Geografia, to allow for a high level of 

comparability in business statistics among the North American countries. NAICS replaced the Standard 

Industrial Classification (SIC) system in 1997. 

6 Establishments in this sector include businesses primarily engaged in evaluating a buildingôs structure 

and component systems and includes energy efficiency inspection services and home inspection 

services. This sector does not include establishments primarily engaged in providing inspections for 

pests, hazardous wastes or other environmental contaminates, nor does it include state and local 

government entities that focus on building or energy code compliance/enforcement of building codes and 

regulations.  
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Table 8: California Building Designer and Energy Consultant Sectors 

Sector Establishments Employment 
Annual Payroll  
(billions $) 

Building Inspection 
Services a 824 3,145 $0.22 

Source: (State of California, Employment Development Department n.d.) 

a. Building Inspection Services (NAICS 541350) comprises private-sector establishments primarily 
engaged in providing building (residential & nonresidential) inspection services encompassing all 
aspects of the building structure and component systems, including energy efficiency inspection 
services. 

 

Building inspection services, including HERS Raters and ATT Technicians would 

experience an increase in labor due to the proposed requirements for the pipe insulation 

verification measure.  

Building designers may need to be trained to size pipes according to Appendix M if they 

are not already familiar with the methodology.  

3.3.3 Impact on Occupational Safety and Health 

The proposed code change does not alter any existing federal, state, or local 

regulations pertaining to safety and health, including rules enforced by the California 

Division of Occupational Safety and Health (Cal/OSHA). All existing health and safety 

rules would remain in place. Complying with the proposed code change is not 

anticipated to have adverse impacts on the safety or health of occupants or those 

involved with the construction, commissioning, and maintenance of the building. 

3.3.4 Impact on Building Owners and Occupants (Including Homeowners and 
Potential First-Time Homeowners) 

The Statewide CASE Team anticipates the proposed change would have no material 

impact on California building owners and occupants. 

3.3.5 Impact on Building Component Retailers (Including Manufacturers and 
Distributors) 

The Statewide CASE Team anticipates that California component retailers and 

wholesalers would sell thicker insulation to residential builders and contractors in 

response to the increased insulation requirements in Submeasure B.  

3.3.6 Impact on Building Inspectors  

The Statewide CASE Team anticipates the proposed change would have no impact on 

employment of building inspectors including those employed by the Administration of 
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Housing Programs and the Urban and Rural Development Administration or the scope 

of their role conducting energy efficiency inspections.  

3.3.7 Impact on Statewide Employment 

As described in Sections 3.3.1 through 3.3.6, the Statewide CASE Team anticipates 

modest employment and financial impacts to a few sectors of the California economy. In 

Section 3.3 the Statewide CASE Team estimated how the proposed change in DHW 

distribution would affect statewide employment and economic output directly and 

indirectly through its impact on builders, designers and energy consultants.  

 Economic Impacts 

For the 2022 code cycle, the Statewide CASE Team used the IMPLAN model software, 

along with economic information from published sources, and professional judgement to 

developed estimates of the economic impacts associated with each proposed code 

changes.7 While this is the first code cycle in which the Statewide CASE Team develops 

estimates of economic impacts using IMPLAN, it is important to note that the economic 

impacts developed for this report are only estimates and are based on limited and to 

some extent speculative information. In addition, the IMPLAN model provides a 

relatively simple representation of the California economy and, though the Statewide 

CASE Team is confident that direction and approximate magnitude of the estimated 

economic impacts are reasonable, it is important to understand that the IMPLAN model 

is a simplification of extremely complex actions and interactions of individual, 

businesses, and other organizations as they respond to changes in energy efficiency 

codes. In all aspect of this economic analysis, the CASE Authors rely on conservative 

assumptions regarding the likely economic benefits associated with the proposed code 

change. By following this approach, the Statewide CASE Team believes the economic 

impacts presented below represent lower bound estimates of the actual impacts 

associated with this proposed code change.  

Adoption of this code change proposal would result in relatively modest economic 

impacts through the additional direct spending by those in the residential building and 

remodeling industry, as well as indirectly as residents spend all or some of the money 

saved through lower utility bills on other economic activities. There may also be some 

nonresidential customers that are impacted by this proposed code change, however the 

Statewide CASE Team does not anticipate such impacts to be materially important to 

the building owner and would have measurable economic impacts. 

 

7 IMPLAN (Impact Analysis for Planning) software is an input-output model used to estimate the economic 

effects of proposed policies and projects. IMPLAN is the most commonly used economic impact model 

due to its ease of use and extensive detailed information on output, employment, and wage information. 
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3.4.1 Creation or Elimination of Jobs 

The Statewide CASE Team does not anticipate that the measures proposed for the 

2022 code cycle regulation would lead to the creation of new types of jobs or the 

elimination of existing types of jobs. In other words, the Statewide CASE Teamôs 

proposed change would not result in economic disruption to any sector of the California 

economy. Rather, the estimates of economic impacts discussed in Section 3.3 would 

lead to modest changes in employment of existing jobs.  

The proposed measures would create additional HERS or ATT labor hours due to the 

increased inspections required from the pipe insulation verification measure. Table 9 

below summarizes these impacts.  

Table 9: Building Designers & Energy Consultants Economic Impacts 

Type of Economic Impact 
Employment 
(jobs)a

 

Labor 
Income 

(millions 
$) 

Total 
Value 
Added 

(millions 
$) 

Outputb
 

(millions 
$) 

Direct Effects (Additional spending 
by Residential Builders) 1.9 $0.19  $0.19 $0.34 

Indirect Effect (Additional spending 
by firms supporting Residential 
Builders) 1.2 $0.08 $0.11 $0.17 

Induced Effect (Spending by 
employees of firms experiencing 
ñdirectò or ñindirectò effects) 1.5 $0.08 $0.15 $0.24 

Total Economic Impacts 4.5 $0.36 $0.45 $0.75 

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.  

a. Employment is in units of ñannual average of monthly jobs for the respective industryò per IMPLAN 
V3.1ôs definition from the Bureau of Labor Statistics. This is not equivalent to a full time equivalent 
(FTE) but rather represents the industry average mis of full-time and part-time jobs.  

b. Output is in terms of the economic value of production. 

 

Additionally, the increased pipe insulation would lead to an increase in labor and 

materials for pipe insulation installation. Table 10 summarizes these impacts.  
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Table 10: Residential Construction & Remodel Economic Impacts 

Type of Economic Impact 
Employment 
(jobs) 

Labor 
Income 

(millions 
$) 

Total Value 
Added 

(millions $) 

Outputb 

(millions $) 

Direct Effects (Additional 
spending by Residential 
Builders) 1.5 $0.09 $0.16 $0.26 

Indirect Effect (Additional 
spending by firms supporting 
Residential Builders) 0.6 $0.04 $0.06 $0.10  

Induced Effect (Spending by 
employees of firms 
experiencing ñdirectò or 
ñindirectò effects) 0.7 $0.04 $0.07 $0.11 

Total Economic Impacts 2.7 $0.17 $0.28 $0.47 

Source: Analysis by Evergreen Economics of data from the IMPLAN V3.1 modeling software.  

3.4.2 Creation or Elimination of Businesses in California 

As stated in Section 3.4.1, the Statewide CASE Teamôs proposed change would not 

result in economic disruption to any sector of the California economy. The proposed 

change represents a modest change to insulation of DHW distribution systems, which 

would not excessively burden or competitively disadvantage California businesses ï nor 

would it necessarily lead to a competitive advantage for California businesses. 

Therefore, the Statewide CASE Team does not foresee any new businesses being 

created, nor does the Statewide CASE Team think any existing businesses would be 

eliminated due to the proposed code changes to Title 24, Part 6.  

3.4.3 Competitive Advantages of Disadvantages for Businesses in California 

The proposed code changes for the 2022 code cycle would apply to all businesses 

operating in California, regardless of whether the business is incorporated inside or 

outside of the state.8 Therefore, the Statewide CASE Team does not anticipate that 

these measures proposed for the 2022 code cycle regulation would have an adverse 

effect on the competitiveness of California businesses. Likewise, the Statewide CASE 

Team does not anticipate businesses located outside of California would be advantaged 

or disadvantaged. 

 

8 Gov. Code, ÄÄ 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR Ä 2003(a)(3) Competitive advantages or 

disadvantages for California businesses currently doing business in the state. 
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3.4.4 Increase or Decrease of Investments in the State of California 

The Statewide CASE Team does not anticipate that the economic impacts associated 

with the proposed measure would lead to significant change (increase or decrease) in 

investment in any directly or indirectly affected sectors of Californiaôs economy. 

3.4.5 Effects on the State General Fund, State Special Funds, and Local 
Governments 

The Statewide CASE Team does not expect the proposed code changes to have a 

measurable impact on the Californiaôs General Fund, any state special funds, or local 

government funds. 

3.4.6 Impacts on Specific Persons 

While the objective of any of the Statewide CASE Teamôs proposal is to promote energy 

efficiency, the Statewide CASE Team recognizes that there is the potential that a 

proposed update to the 2022 code cycle may result in unintended consequences. To 

this end, the Statewide CASE Team considers the potential impacts that the proposed 

updates to the 2022 code cycle regulation described in this report would have on 

specific groups, and anticipates the proposed change would have no economic impact 

on the following groups:   

¶ Low-income households and communities 

¶ First-time home buyers 

¶ Renters 

¶ Seniors 

¶ Families 

¶ Rural communities 
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4. Energy Savings 
The energy and cost analysis presented in this report used the TDV factors that were 

released in the 2022 CBECC- Res research version that was released in December 

2019. These TDV factors were consistent with the TDV factors that the Energy 

Commission presented during their public workshop on compliance metrics held 

October 17, 2019 (California Energy Commission 2020). The electricity TDV factors did 

not include the 15 percent retail adder and the natural gas TDV factors did not include 

the impact of methane leakage on the building site, updates that the Energy 

Commission presented during their workshop on March 27 , 2020 (California Energy 

Commission 2020). Presentations from Bruce Wilcox and NORESCO during the March 

27, 2020 workshop indicated that the 15 percent retail adder and methane leakage 

would result in most energy efficiency measures having slightly higher TDV energy and 

energy cost savings than using the TDV factors without these refinements. As a result, 

the TDV energy savings presented in this report are lower than the values that would 

have been obtained using TDV with the 15 percent retail adder and methane leakage, 

and the proposed code changes would be more cost effective using the revised TDV. 

The Energy Commission notified the Statewide CASE Team on April 21, 2020 that they 

were investigating further refinements to TDV factors using 20-year global warming 

potential (GWP) values instead of the 100-year GWP values that were used to derive 

the current TDV factors. It is anticipated that the 20-year GWP values may increase the 

TDV factors slightly making proposed changes that improve energy efficiency more cost 

effective. Energy savings presented in kWh and therms are not affected by TDV or 

demand factors. 

 Key Assumptions for Energy Savings Analysis 

Plumbing layouts and pipe sizes used for energy savings analysis are based on four 

prototype building plumbing designs. Table 11 has a summary of pipe sizes and lengths 

used for analysis. Table 18 includes a summary of the prototype building features and 

Appendix H includes detailed plumbing designs for each of the four prototypes. 
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Table 11: Summary of Pipe Sizes and Lengths in Prototype Plumbing Designs 

 
Pipe Lengths (feet) Using CPC 
Appendix A Sizing (Hunterôs 

Curve) 

Pipe Lengths (feet) Using CPC 
Appendix M Sizing (IAPMO WDC) 

Pipe 
Diameter 
(inches) 

Low
-
Rise 

Gar
den 

Low-
Rise 
Loaded 
Corridor 

Mid-Rise 
Mixed-
Use 

High-
Rise 
Mixed 
Use 

Low-
Rise 

Garden 

Low-Rise 
Loaded 
Corridor 

Mid-Rise 

Mixed 
Use 

High-
Rise 
Mixed 
Use 

4 0 0 53 9 0 0 0 0 

3 0 25 91 130 0 0 0 5 

2.5 0 90 73 165 0 0 121 129 

2 20 24 85 58 0 80 66 80 

1.5 58 153 829 782 52 107 244 148 

1 29 182 338 313 55 287 1,058 1,095 

0.75 150 404 744 953 150 404 724 953 

Source: Statewide CASE Team 

The Statewide CASE Team calculated the indoor space temperature for each climate 

zone based on the representative cityós weather file provided with CBECC-Res and 

CBECC-Com. The rules for this calculation are presented in Table 22 and Section 

2.5.4.3 of the 2019 Title 24, Part 6 Residential ACM, and summarized as follows. 

Heating and cooling mode are determined by calculating the rolling average outdoor 

temperature for the previous eight days. The building is in cooling mode if the rolling 

average is greater than 60ÁF and the building is in heating mode if the average is equal 

to or less than 60ÁF. Hourly thermostat setpoints vary between 78ÁF and 83ÁF 

(nighttime/daytime) in cooling mode and 65ÁF and 68ÁF (nighttime/daytime) in heating 

mode (single-zone gas-heating setpoints are used in this analysis). Table 12 presents 

the yearly hours in heating and cooling mode, and average indoor temperature by 

climate zone. The purpose of this exercise is to determine the hourly indoor temperature 

schedule to calculate heat loss from the distribution system. All DHW distribution pipes 

are assumed to be within the conditioned envelope. 
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Table 12: Heating and Cooling Mode and Average Indoor Temperature by Climate 
Zone 

Climate 
Zone 

Hours in 
Heating Mode 

Hours in 
Cooling Mode 

Average Indoor 
Temp [F] 

1 8,760 0 67.0 

2 5,182 3,578 72.2 

3 5,525 3,235 71.7 

4 4,785 3,975 72.7 

5 7,205 1,555 69.2 

6 4,305 4,455 73.4 

7 3,562 5,198 74.5 

8 3,380 5,380 74.8 

9 3,595 5,165 74.5 

10 3,867 4,893 74.1 

11 4,556 4,204 73.1 

12 4,566 4,194 73.1 

13 4,230 4,530 73.5 

14 4,423 4,337 73.3 

15 1,706 7,054 77.2 

16 5,610 3,150 71.6 

Source: Statewide CASE Team 

The Statewide CASE Team calculated energy savings for each prototype building 

because central DHW systems serve the entire building. The Statewide CASE Team 

then divided the building level savings by the number of units in each building to present 

per-unit results. 

4.1.1 Submeasure A ï Pipe Insulation Verification 

The Statewide CASE Team collected data from multiple sources to determine current 

practice for pipe insulation installation, including a poll during the October 3, 2019 utility-

sponsored stakeholder meeting, interviews with designers, designer punch lists from 

site visits, and an online survey distributed to designers and DHW subject matter 

experts. The Statewide CASE Team also reviewed the PIER Multifamily Central 

Domestic Hot Water (DHW) Distribution Systems Project (PIER 2013) that used field 

data to recommend de-rating of insulation U-factor in the current ACM Reference 

Manual. See Section 2.2.1 for a summary of data collection and Appendix G for detailed 

data collection results and analysis. The purpose of the analysis was to determine the 

proportion of uninsulated pipe in each prototype.  

Insulation quality issues accounted for in the analysis include: 

¶ Missing insulation on fittings, valves, pumps, and straight pipe 
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¶ Damaged and poorly installed insulation 

¶ Metal hangers that are not thermally isolated from metal pipe 

Table 13 shows the proportion of distribution system surface area and system length 

without insulation. The proportion of distribution system surface area is expressed in 

terms of the percentage of the entire distribution system (pipes, valves, fittings, pumps) 

surface area without insulation. The inputs in the model are based on surface area, 

however, Table 13 also shows the proportion of the length of the distribution system that 

is uninsulated as these values are more easily compared with real distribution systems.  

Table 13. Proportion of Distribution System Surface Area and System Length 
without Insulation 

 
Low-Rise 
Garden 

Low-
Rise 
Loaded 
Corridor 

Mid-Rise 
Mixed Use 

High-Rise 
Mixed Use 

Proportion of Distribution System 
Surface Area Without Insulation 

15% 15% 13% 13% 

Proportion of Distribution System 
Length Without Insulation 

19% 19% 15% 15% 

Source: Statewide CASE Team 

Appendix G shows how the Statewide CASE Team developed the estimates shown in 

Table 13. 

The Statewide CASE Team assumed that in the proposed case after verification has 

been completed, all pipe and piping specialties are insulated.  

4.1.2 Submeasure B ï Increased Insulation 

Proposed pipe insulation requirements in Table 14, Table 15, Table 16, and Table 17 

are applied to the appropriate pipe sections in the prototype buildings (see Appendix H). 

A summary of the pipe lengths and length of pipes impacted by increased insulation is 

shown in Table 14 through Table 17. 

Table 14: Insulation Inputs for Low-Rise Garden Prototype Building 

Pipe Size 
(inches) 

Total Length in 
Prototype Design 

(feet) 

Baseline Design 
Insulation Thickness 

(inches) 

Proposed Design 
Insulation Thickness 

(inches) 

2ò 20 1.5 2 

1.5ò 58 1.5 1.5 

1ò 29 1.5 1.5 
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0.75ò 150 1 1 

Table 15: Insulation Inputs for Low-Rise Loaded Corridor Prototype Building 

Pipe Size 
(inches) 

Total Length in 
Prototype Design 

(feet) 

Baseline Design 
Insulation Thickness 

(inches) 

Proposed Design 
Insulation Thickness 

(inches) 

3ò 25 1.5 2 

2.5ò 90 1.5 2 

2ò 24 1.5 2 

1.5ò 153 1.5 1.5 

1ò 182 1.5 1.5 

0.75ò 404 1 1 

Table 16: Insulation Inputs for Mid-Rise Mixed Use Prototype Building 

Pipe Size 
(inches) 

Total Length in 
Prototype Design 

(feet) 

Baseline Design 
Insulation Thickness 

(inches) 

Proposed Design 
Insulation Thickness 

(inches) 

4ò 53 1.5 2 

3ò 91 1.5 2 

2.5ò 73 1.5 2 

2ò 85 1.5 2 

1.5ò 829 1.5 1.5 

1ò 338 1.5 1.5 

0.75ò 744 1 1 

Table 17: Insulation Inputs for High-Rise Mixed Use Prototype Building 

Pipe Size 
(inches) 

Total Length in 
Prototype Design 

(feet) 

Baseline Design 
Insulation Thickness 

(inches) 

Proposed Design 
Insulation Thickness 

(inches) 

4ò 9 1.5 2 

3ò 130 1.5 2 

2.5ò 165 1.5 2 

2ò 58 1.5 2 

1.5ò 782 1.5 1.5 

1ò 313 1.5 1.5 

0.75ò 953 1 1 
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4.1.3 Submeasure C ï CPC Appendix M Pipe Sizing 

Pipe sizes from prototype building plumbing designs summarized in Appendix H are 

used for energy savings analysis. A summary of pipes sizes comparing the baseline 

design pipe sizing (following CPC Appendix A) and proposed design pipe sizing 

(following CPC Appendix M) is in Table 11. Pipe insulation for both baseline and 

proposed analysis is based on the current ACM that references Title 24, Part 6 Table 

120.3-A. 

 Energy Savings Methodology 

4.2.1 Energy Savings Methodology per Prototypical Building 

The Energy Commission directed the Statewide CASE Team to model the energy 

impacts using specific prototypical building models that represent typical building 

geometries for different types of buildings. The prototype buildings and DHW system 

designs that the Statewide CASE Team used in the analysis are presented in Table 18. 

Appendix H has a detailed description of the prototype building designs. 
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Table 18: Prototype Buildings Used for Energy, Demand, Cost, and Environmental 
Impacts Analysis 

Prototype 
Name 

Number 
of 

Stories 

Floor 
Area 

(square 
feet) 

Description of DHW Recirculation System 

Low-Rise 
Garden 

2 7,680 

8-unit residential building with a gas fired central 
domestic hot water heater serving a central 
recirculation loop. Water heater is located on one end 
the of building at the ground level. Distribution piping 
runs horizontally in ceiling of ground floor, vertically up 
four risers, and returns in the ceiling of the second 
floor.9 

Low-Rise 
Loaded 
Corridor 

3 40,000 

36-unit residential building with a gas fired central DHW 
heater serving a central recirculation loop. Water heater 
is located in a mechanical room at the ground level. 
Distribution piping runs horizontally in ceiling of ground 
floor, vertically up 13 risers, and returns in the ceiling of 
the third floor.  

Mid-Rise 
Mixed Use 

5 113,100 

88-unit building with 4-story residential + 1-story 
commercial. Gas fired central DHW heater serving 
dwelling units from a central recirculation loop. Water 
heater is located in a mechanical room at the ground 
level (retail level). Distribution piping runs horizontally in 
ceiling of second floor (first residential level), vertically 
up 22 risers, and returns in the ceiling of the fifth floor.  

High-Rise 
Mixed Use 

10 125,400 

117-unit building with 9-story residential + 1-story 
commercial. Gas fired central DHW heater serving 
dwelling units from a central recirculation loop. Water 
heater is located on the roof. Distribution piping runs 
horizontally in ceiling of top floor, vertically down 26 
risers. There are two pressure zones divided vertically, 
each with horizontal supply and return piping.  

The Statewide CASE Team developed a custom spreadsheet calculator to analyze the 

energy impacts of the three DHW distribution submeasures. The spreadsheet calculator 

used pipe heat loss calculation methods defined in the existing 2019 ACM Reference 

Manual. Compared to CBECC-Res software, the spreadsheet calculator includes 

 

9 This DHW Distribution CASE topic and the Central HPWH CASE topic are analyzing a central system in 

the Low-Rise Garden prototype. The Low-Rise Garden prototype for other CASE topics assumes 

individual water heaters for each dwelling unit.  
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features to handle detailed recirculation designs and operation. The overall modeling 

approach and specific features of the spreadsheet calculator are described in Section 

4.2.1.1. 

Following the same methods as CBECC-Com and CBECC-Res, the custom 

engineering spreadsheet calculation tool calculates DHW energy consumption for every 

hour of the year measured in kilowatt-hours per year (kWh/yr) and therms per year 

(therms/yr). It then applies the 2022 time-dependent-valuation (TDV) factors to calculate 

annual energy use in kilo British thermal units per year (TDV kBtu/yr) and annual peak 

electricity demand reductions measured in kilowatts (kW). The Statewide CASE Team 

followed the same method as CBECC-Com and CBECC-Res to generate TDV energy 

cost savings values measured in 2023 present value dollars (2023 PV$).  

The energy impacts of the proposed code change vary by climate zone. The Statewide 

CASE Team analyzed the energy impacts in every climate zone and applied the 

climate-zone specific TDV factors when calculating energy and energy cost impacts.  

Per-unit energy impacts for multifamily buildings are presented in savings per dwelling 

unit. Annual energy and peak demand impacts for each prototype building were 

translated into impacts per dwelling unit by dividing by the number of dwelling units in 

the prototype building. This step enables a calculation of statewide savings using the 

construction forecast discussed in Appendix A. 

4.2.1.1 Detailed Recirculation Heat Loss Spreadsheet Calculator 

The Statewide CASE Team developed a custom spreadsheet calculator to analyze the 

energy impacts of the three DHW distribution submeasures. The spreadsheet calculator 

used pipe heat loss calculation methods defined in the existing 2019 ACM Reference 

Manual. Compared to CBECC-Res software, the spreadsheet calculator includes 

features to handle detailed recirculation designs and operation. The overall modeling 

approach and specific features of the spreadsheet calculator are described in following 

sections.  

Recirculation Network Configurations  

The existing 2019 ACM Reference Manual and CBECC-Res software use six pipe 

sections connected in series to model recirculation systems. The six pipe section 

recirculation model was designed to simplify the compliance process by not requiring 

builders to specify detailed plumbing configurations in the compliance model.  

As shown by prototype buildings plumbing designs in Appendix H, actual recirculation 

designs are much more complicated. CBECC-Res software provides a practical 

recirculation performance model for compliance but is not adequate to model 

complicated recirculation designs. Having realistic recirculation designs enables 

accurate assessment of energy impacts of proposed measures. For this reason, the 
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Statewide CASE Team created the spreadsheet calculator which uses detailed and full 

recirculation piping configurations to perform energy impact analysis.  

Full recirculation piping models use the same overall approach as the six pipe section 

compliance models to specify recirculation configurations. In this approach, a 

recirculation pipe network is represented by a collection of pipe sections connected to 

each other. Full recirculation piping models do not limit the number of pipe sections and 

allow parallel flow paths (e.g., those through vertical risers). Full recirculation piping 

models used for CASE analyses reflect actual recirculation piping layout without 

modifications. As shown by recirculation system designs presented in Appendix H, 

starting from the central water heater plant and following the recirculation flow paths, the 

recirculation system splits into pipe sections ï via major pipe connectors ï into parallel 

paths, and leads to pipe branches into individual dwelling units. The individual unit 

return pipes then merge back into parallel recirculation flows and ultimately funnel back 

into recirculation return pipes. In the spreadsheet model, pipe sections and major pipe 

connectors are identified by unique indices. The number of unique pipe sections for the 

four prototype buildings are as follows: 

Low-Rise Garden: 12 pipe sections 

Low-Rise Loaded Corridor: 57 pipe sections 

Mid-Rise Mixed Use: 112 pipe sections 

High-Rise Mixed Use: 138 pipe sections 

Specifications of each pipe section include pipe size (diameter), length, insulation 

thickness, index of the beginning pipe connector, and index of the ending pipe 

connector. The spreadsheet calculator uses specifications of the beginning and ending 

pipe connectors of all pipe sections to determine the recirculation network topology. 

Some pipe connectors are connected to a branch pipe leading to hot water fixtures in a 

dwelling unit. These pipe connectors have a hot water draw schedule. The calculator 

determines flow rate for each pipe section based on the recirculation network topology, 

recirculation pump operation status, and hot water schedules of pipe connectors.  

Calculation Steps 

For each time step, the calculator starts pipe section analysis from the first pipe section, 

the supply pipe connected to the central water heater, to obtain pipe heat loss, output 

water temperature, and average pipe temperature at the end of the time step. The 

output water temperature is then used as the input water temperature for the 

downstream pipe section(s). A pipe section analysis is performed for each pipe section 

following recirculation flow paths.  

According to the 2019 ACM Reference Manual, recirculation pipes can have two modes 

of heat loss: pipe heat loss with hot water flow in the pipe and heat loss without flow in 
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the pipe. The latter is also called cooldown mode, and it takes place when the 

recirculation pump is turned off by a control and there is no hot water draw by users. 

When there is flow in the pipe section, due to recirculation operation and/or hot water 

draws, pipe heat loss is calculated according to the ACM Reference Manual for pipe 

heat loss with flows. If there is no flow in the pipe section, pipe heat loss is calculated 

according to the ACM Reference Manual for pipe cooldown process. Average pipe 

temperature at the end of time step is used as the initial pipe temperature for the next 

time step of pipe section analysis.  

The 2019 ACM Reference Manual dictates that the refence recirculation system design 

include a demand recirculation control, which keeps the recirculation pump off for 80 

percent of the time for each hour. Following this ACM Reference Manual specification, 

the spreadsheet calculator performs two steps of calculation for each hour: first step of 

12 minutes with recirculation flows and second step of 48 minutes without the 

recirculation flow.  

Hot Water Draw Schedules  

CBECC-Res software provides ten sets of annual fixture water use schedules for six 

types of multifamily dwelling units: studio and one-bedroom to five-bedroom units. 

These draw schedules were used to develop hot water draw schedules for the four 

prototype buildings in the following steps.  

First, CBECC-Res annual fixture water use schedules are converted to annual hot water 

draw schedules. CBECC-Res annual fixture water use schedules specify the combined 

hot and cold water mixture flow rate for each draw event. The Statewide CASE Team 

generated hot water draw schedules by calculating hot water flow rate according to the 

following assumptions used by the CBECC-Res software regarding cold and hot water 

mixing for different fixture types: 

¶ All faucet draws include 50 percent hot water 

¶ All draws from clothes washing machines include 22 percent hot water 

¶ All draws from showers and bathtubs have a mixed water temperature of 105ÁF. 

Corresponding hot water flow is calculated based on the hot water supply 

temperature (125ÁF) and cold-water or mains temperature (obtained from 

CBECC-Res weather files) 

As cold-water temperature changes, showers and bathtubs require different hot water 

flow rates to maintain the fixture output temperature to be at 105ÁF. Because the 16 

climate zones have different cold-water temperatures, they have slightly different hot 

water flow rates for shower and bathtub use events, even though fixture flow rates are 

the same for these events among all climate zones. The difference can be up to 20 

percent. However, because shower and bathtub hot water draw volumes represent 












































































































































































































































































